DOT/FAA/RD-93/39
DOT-VNTSC-FAA-03-18

Research and Development
Service
Washington, DC 20591

AD-A275 647
HHRGR AR

C e

Key Cognitive Issues in the Design
of Electronic Displays of Instrument
Approach Procedure Chatts

~ MOPA/VNTSC N

N\

COCKPIT HF PROGRAM

Melanis C. Clay

Monterey Technologies, Inc.
Cary, North Carolina

Final Report \\\ Q < 94"0451 8
e AN

This document is available to the public
through the National Technical Information
Service, Springtield, Virginia 22161

» 4 2 09 074
(./ R N
U.S. Department of Transportation

Federal Aviatlon Adminlstration



NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability for
its contents or use thereof.

NOTICE

The United States Government does not endorse products or
manufacturers, Trade or manufacturers' names appear herein

solely because they are considered essential to the objective of this
report.




REPORT DOCUMENTATION PAGE o Aggrrﬁo,f\pcgg’\{%%a

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the

time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and

completing and reviewing the collection of informafion. Send comments regarding this burdén estimate or any other

aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters

Serrces Directorate for information Operations and Reports, 1215 Jefferson Davis H\hway Suite 1204, Arlingt VA
- nd to P nd Budge Panersork Red on Proie 04-0188 a

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE

November 1993

3. REPORT TYPE AND DATES COVERED
Final Report

November 1992 - July 1993

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
KEY COGNITIVE ISSUES IN THE DESIGN OF ELECTRONIGC DISPLAYS OF
INSTRUMENT APPROACH PROCEDURE CHARTS FA4E2/A4007

6. AUTHOR(S)
Melanie €. Clay

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Monterey Technologies* Battelle Memorial Laboratories* REPORT NUMBER
Cary, NC Columbus, O

y H DOT-VNTSC-FAA-93-18
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
U.S. Department of Transportation AGENCY REPORT NUMBER

Federal Aviation Administration
Research and Development Service
Washington, DC 20591

DOT/FAA/RD-93/39

11. SUPPLEMENTARY NOTES

*Subcontracting to **Contracting to U.S. Department of Transportation
Battelle Memorial Laboratories Volpe National Transportation Systems Center
Cambridge, MA 02142

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

This document is available to the public through the National
Technical Information Service, Springfield, VA 22161

135, ABSTRACTY (Maximum 200 words)

this report provides a general introducticn to the field of cognitive psychology and the application of well researched
cognitive issues to the design of electronic instrument approach procedures (ELAP) displays. 1t presents 46 cognitive
issues and 108 design principles. 1tg basic premigs is a recognition of the need for the pilot to get unambiguous
information as quickly and easily as possible in such a may that it con be remevbored untfl the time that it must be
used. Recognition and discriminability of patterns, stress cesulting from heavy workload, the effects of divided
attention, ond the need to take gccount of the pilot's expectations are discussed, The morits of color and size, paper
and electronic display, and totworary removal of nonessentisl information are exanined. Among the conclusions made by
the report are vecomméndations for more investigation in the following ereas: symbol design, greuping and coding of
information, orientation and scaling of information, control of clutter, and uays of overcoming the harmful effect of
interruptions to attention or to performance of sequentisl actions.

14. SUBJECT VERNS 15. NUMBER OF PAGES
116

Display Design, Approach Plates, Electronic Displays, Kuman Factors, Cockpit Disploys,
Electronic Raps 15. PRICE CODE
17, SECURTYY CLASSIFICATION ' 18. SECURIYY CLASSIFICAYION 19, SECURITY CLASSIFICATION ¢0. LIRITATIGN OF ASSIRACY

OF REPORY OF YHIS PAGE OF ABSTRACY R

Unclassified Unclassified Unclassificed
540-07-280- Stardnrd Fore 208 (Rev, 2189
NSH 7540-01-280-5500 ' . " gagm‘:g;b«i by ANSI Std. 230-1.




PREFACE

This report presents key cognitive issues that should be addressed in the design and
evaluation of clectronic display formats used to depict instrument approach procedures
(EIAP). It is bascd on a comprehensive review of cognitive psychology literature. For each
cognitive issue, design guidelines and the relevance of the guidelines to EIAP design are
presented. This report is submitted by Monterey Technologies, Inc. under a contrac* *vith
Battelle (Subcontract No. 38125(4529)-2183) to develop a cognitive handbook of design
guidclines for designers and cvaluators of EIAPs. Dr. Michacl McCauley served as the
Program Manager for Montercy Technologies, Inc. His contributions and those from Mr.

Donald Vreuls and Dr. Barry H. Beith arc appreciated by the author.

The first step of the

project involved studying the instrument approach task to determine the cognitive skills
required for the task. The sccond step was to identify the key cognitive issucs and consider

their relevance for EIAP design guidclines.

This project is part of a continuing cffort at the Volpe National Transportation Systems
Center to develop human factors design guidelines for clectronic depiction of instrument
approach procedures. Dr. M. Stephen Huntley directed this research for th.  "olpe Center.
Mr. Donald Eldredge of Battelle acted as Program Manager for Battelle. Both Dr. Huntley
and Mr, Eldredge provided support and guidance throughout the project. Their contributions
of knowledge of the instrument approach task and related human factors issucs were greatly -

appreciated.

This work was funded by the Human performance Program in the FAA's Rescarch and

Development Service as part of their cockpit human factors wesearch,
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1. INTRODUC1iON

A disproportionatcly large number of aircraft accidents, 25-50%, occur during the approach
and landing phases of flight (Baker. Lamb. Guohua, and Dodd. 1993: Blanchard, 1991
Hendricks. 1993). Many of these accidents may be attributed to improper instrument
approach procedures. Current paper charts of instrument approach procedures (IAPs) are
quitc complex, containing a large amount of information in a very small arca.

Glass cockpit technology now allows us to present IAPs on an clectronic display. The
clectronic display of IAPs has a number of practical advantages which include casc of
information update, format tlexibility, and the ability to tacrge with other glass cockpit
tunctions such as ground proximity warning systems (Mykityshyn and Hansman, 1992).
EIAPs may climinatc some of the problems that arc inherent in paper 1AP charts through
custemization and decluttering techniques. However, EIAPs also may introduce new
problems for pilots. For example, an EIAP may require a pilot to make display sclections
during the instrument approach, adding to the workload of the task. Carcful consideration of
potential problems must be considered carly in the development of EIAPs. As part of this
effort, this project reviewed the instrument approach task and the cognitive psychology
literature to identify the key cognitive issucs i the design of EIAPs, '

.1 Background

The first step 0 identifying the cognitive issues involved in the dosign of BIAPS was to gain
a thorongh understinding of the instrament approach task.  This was achieved through various
methods including literaure review, pilot interviews, and a cognitive task analysis. A
complete description of the methods and the vesulis are provided in Appendia A--Sunvmary ot
Curreitt Pracuces, Operational Reguirements, and Potential Cognitive Tnplications,

The second step in idemitving the key cognitive issues was to complete a comprehicnsive
review of the copnition hiterature 1o identify issues that are selevant to the instroment

appresch task. This includiad a review of both general copnitive psychology literatire and
literature specific 0 avidion,  An introduction to copeitive psychology and velated theories is
also included in this peport, For each copitive issue that was identitied, design guidelines
and the relevance of those guidehines to the nstrument approdch task are provided.

1.2 Coguitive Psychology

Cognitive payvhology is an extremely broad topic.  Pereeption, leaming, memory, Linguage,
reasoning, and thinking can all be included under the ambrella of cogmtive psycholopy. A
laree and diverse body of research and literature rciated to cogaitive psychology is available.
The poal of human factors in cognitive pyychology is to apply the body of knowledge
available about how people pracess information o e design of systems to make them casier
tor hunans 0 use cfficiently and safely. The goal of this project s to apply this knowledge
of human weental processes 10 the desien of BIAP chards. Untortunately, as huaman beiops are
very comples there ix no ane madel of human cogimtion o help with thas task. There are,
howevet, o numbyer of difterent theorics and general principles thut describe human
pertormance under ditferent situations that can be applied w the design of EIAP charts.




1.3 Cognitive Skills Required for the Approach Task

Prior to discussing the cognitive principles that arc applicable to the design of EIAP charts. it
1s impoertant to tirst deseribe the mental processes that are required tor the task (for more
information about the instrument approach task see Appendin A--Summary of Current
Practices. Operational Requirements, and Potential Cognitive Imiplications). The instrument
approach task is guite complen, There are a number of difterent cognitive skills required of
the pilot. These skiils include but are not limited to, the following:

The pilot is subject to high temporal demand.  Perecived workload,
problem solving, and decision making pertormance are ali highly
dependent on time.

. The pilot must have a great deal of backgre md knowledge. Ths
includes knowledge of navigation systema and IFR rules Gneluding a
number of specific conditional rules for the instrument approach).

The pilot must remember to perform ditterent sequences of actions wt
Jitterent phases of the approach. The pilot may or may not have
memory ads tor cach of these acuons, 10 piiot forgets to perform any
o of o number of actions during the approach, the workload tater will
morease. creatdy mereasing the difticuity of the tash.

. The pilet must be able to quickly and accurately eatranct needed
mtoration from vanous sourees CATIS, ATC AR chast, cospiloy, or
arenadt displave) asd remember the intormation long enough to apply it
fwiry w the appropriate TAP char, enter in a frequency, set a timer,

N T 8 :

. The prlot masg be able 1o review and integrate the infoarmiation oo the
approuch chart te help in plansing the approdch wid seiting up
expectations for the apprauach.

. The pilot is cotantdy subject o wterruptions sich as ATC
comimuiication which may affect nemory of actions w complete and of
idormation to apply.

. The pilet s constantly subject © reguisements from ATC for changes to
the planned approuach.

. The actiony hat a pitot mast pedorm will be highly dependent on &
nuinber of situationat Factors, therefore, the pilot must be able o "wilor™
liis or her procedures 1o cach approach.

. The pilot’s need for information is highest during the pre-approach
plise. Workload is bighest trom the niial approach phase through
landing. Duting the tinal approucts, die pilot must focus on Qymg the




aircraft and conscquently the ability to contribute cognitive resources to
other tasks is limited.

. The pilot must continually monitor the tlight of the aircraft during the
approach,

The pilot must remain aware of the aircraft position/location throughout
the approach.

. The pilot may be required to perform mental arithmetic to determine
proper headings, accounting for wind.

The pilot must use spatial abilitics to rotate information on the [AP
chart to match it to the aircraft’s current oricntation,

. The pilot uses a number of heuristics or "rules of thumb" to aid in
performance of various tasks.

. The instruinent approach task is a stresstul situation for the pilot.  Stress
can reduce cognitive ability and can lead to cognitive capture or
tunncling, Stress may cause the pilot to focas on one part of the task to
the exclusion of othor importat parts of the task,

14 Theories

This sectien provides a brief swmmary of sore of the currently popular theories in the study
of cogmition as it applies to tasks such as the instrument approach task, These theories are
discussed so that the ideas amd terms will be familiar a8 they are presented within the key
coghitive issues tor the design of BIAPS, '

L4l Wickens' latormation Processing Model

The current nmslel in the sudy of copmitive psychology as it applies o human portermance
views the huntan as ai inforsmaton processar. A variety of models have been developed to
describe the way in which humans process information; however, there aie some concepts that
dre consistent among the models and have proved useful in desenbing human performance.

A model presented by Wickens (1954) combings these concepis 1 a comprehiensive manner.
Wickens” masdel assumes that information is processed by aumans i0 stages and that “each
Magte of processing performs some transtormation on the data and demands some fime for
operation.” Wickens' model asserts the following sequence of information processing:
. Information is iest sensed by human sensory organs (lor ghis project, vision is
mos important), '

2. This mlorastion is transormed into a short-term sensory store. This sorage
has a very large capacity but decays rapidly.




3. The information within this sensory storage that is attended to is perceived by
the human. This perception is affected by the individual’s long-term memory.
The result of this perception is a "perceptual decision" in which the stimulus is
assigned to a perceptual category.

4, Once the information is perceived and categorized, the human must decide
what to do with it. Attention and resources are required for this decision, as is
the use of working memory. Working memory may be used to hold the
information in storage while a decision is made.

S. After a decision is made, the individual will execute a response based on that
decision, Again, attention and resources are required for the execution of the
response.

Wickens (1984) warns that this conceptualization should not be taken literally, that the flow
of information is not fixed, and that the distinction between the siages may not be clear.

1.4.2 Attention and Multiple Resource Theory

Attention is referred to as "selectivity of processing' (Eysenck, 1984). It is the focusing or
concentration on information for further processing. The importance of attention in the
design of EIAPs is obvious. The instrument approach task requires the pilot to do so many
different things at the same time that the ability to attend to the appropriate information at the
right time is of utmost importence for the pilot’s success. Wicken’s describes three different
types of attention--focused attention, selective attention, and divided attention--which will be
discussed in detail later.

For the purposcs of describing human performance, researchers have tried to develop a model
that describes human attention and its limitations, Kahneman (1973) described attention as a
single undifferentiated pool of resources. As a task becomes more difficult or more
components arc added. resources are used until there arc no more resources available and
further performance is degraded. However, experiments on performance of various tasks have
shown that pcople arc good a performing some tasks at the same time (time-sharing) but not
very good at time-sharing other tasks. In general, the more structurally similar the two tasks
that must be performed, the more difficult it is for pcople to perform them concurrently.

Bascd on these results, Wickens (1984) has proposed a Multiple Resource Theory which
thcorizes that humans have many different pools of resources, Two tasks will interfere more
if they draw from the same pool of resources than if they draw from different pools.

Wickens (1984) divides his multiple resources into stages of processing (encoding, central
processing, or responding), modalitics (input of information through auditory or visual
means), processing codes (proccssing of information through verbal or spatial codes), and

rc sponscs (responscs can be manual or verbal). However, some studies have shown that even
very different tasks will have some degree of interference when performed together,
suggoesting that there may be some type of "metacontroller” (Jex, 1988) or a general capacity




which manages the resources for the tasks and is affected by all tasks, whether they involve
competing resources or not.

1.4.3 Rasmussen’s Skill-, Rule-. Knowledge-Based Model

In addition to building a model of how information is processed by humans, it is helptul to
categorize different types of human information processing behavior. Rasmusscn (1986)
presents a model that categorizes human performance into three levels: skill-, rule-. and
knowledge-based performance. According to Rasmussen, skill-based behavior takes place
without conscious control as smooth, automated, highly integrated behavior. Rule-based
behavior is based on a consciously controlled, stored rule or procedure that may have been
empirically derived previously or communicated from others. The final level of performance
occurs in unfamiliar situations when no skill or rule has been developed. In knowledge-based
performance, an individual analyzes the environment and goals and develops a plan. T
plan is then tested cither through trial and crror or conceptuaily through understanding the
propertics of the environment and predicting the cffects of the plan.

Many of the concepts presented in this summary of theories will be described in greater detail
throug’iout this report. For thc purposcs of this project, we will not discuss human vision or
perception as it relates to the ability to detect and categorize isolated stimuli (see Mangold,
Eldredge, and Lauber, 1992). We will, however, discuss perceptual categorization as it is
affccted by other cognitive processes such as long-term memory and attention,

516




2. MEMORY CONSIDERATIONS
2.1  Sensory Storage

Sensory storage of visual information, also known as iconic storage, is a very short term (less
thar a second) storage of nearly all of the details that arc sensed by the visual system at a
given time. For the design of EIAPs, it is important to know that unless information in
sensory storage is attended to, i will not be processed further and will cssentially be losi.
Attention is discussed in detail below.

22  Working Memory

Working memory can be described as a "desktop” (Broadbent, 1971) that contains the
information that is currently being considered. According to Wickens (1984) the information
in working memory can come from three sources: 1) external stimuli, 2) mental operations,
and 3) long-term memory. A large body of rescarch dealing with short-term or working
memory is available. This rescarch is not reviewed in detail (sec Asheraft, 1988; Wickens,
1984; Klatzky. 1975); rather, two main conclusions that arc pertinent to the design of EIAPs
are discussed.

First, the capacity of working memory is very small; it has the ability to hold about seven
chunks of information at a given time (Miller, 1956), A "chunk" can be defined as a
meaningful unit of information. For example the letters "b", "t", and "a" are considered three
chunks while the word "bat" can be considered one chunk of information. Therefore, if
information can be “"chunked" together in a mcaningful form, the capacity of working memory
can be greatly expanded.

Principle 1 Reduce the amount of information that a pilot has to maintain in
working memory at any given time.

Principle 2: Display information on EIAPs so that it is meaningful, and in a
wamner that facilitates chunking of information that must be retained
in working memory.

Relevance: One of the cognitive tasks required of pilots during an instrument
approach is 10 extract information from the approach plate and retain
it in memory until itis applicd.  This information includes
frequencies, altitudes, times, NAVAID naises, instructions from
ATC, visibilitics, approach in progress, and maay otiers.

The second conclusion based on the rescarch of working micmory is thal unless resources are
continuously allocated to working memory (e, through rehearsal), the infornation will
decay and any operations performed on that information will deteriorate (Wickens, 1984),
For information (o remain current and accurate within working memory, continuous attention




must be given to that information. If a person is interrupted for any reason, attention will be
diverted and information in working memory will be dcgraded.

Principle 3: Do not allow the EIAP to interrupt the pilot’s current activities.

Principle 4: Provide pilots with a means of quickly relocating information which
may have been lost from working memory due to intcrruptions.

Principle 5: If more than one display screen or mode is available, make the
change of screen or mode pilot-controllable (sce section on Dynamic
Displays).

Relevance: Pilots arc constantly subject to interruptions during the instrument

approach task, cspecially from ATC. It would be impossible to
climinate all interruptions during the instrument approach task, in
fact, it would also be unsafe since many of the interruptions arc
required for safe flying of the aircraft (c.g. wamings). However, it is
possible to design EIAPs that do not add to the number of
interruptions a pilot has to decal with. 1t is also possible to provide
pilots with a simple method of highlighting information so that if the
pilot is interrupted, he or she can access the information again
quickly.

2.3  Long-Term Meniory

Klatzky (1975) describes long-term memory as a complex storchouse for our knowledge of
the world. Rescarch on long-term memory indicates that information may be encoded in a
number of difforent ways (c.g. visually, verbally, or acoustically). There is also rescarch to
support a hypothesis that long-term memory is permanent, This would indicate that forgetting
is not due to a loss or decay of information, rather it is duc to a failure to retrieve
information. In any case. it is known that the retrieval of inforination from long-term
memory can be facilitated in a number of different ways,

The way in which information is encoded or transferred into long-term memory can attect an
individual's ability to retricve that information later, For example, simple rehearsal of
information in short-term memory will transter information into long-term memory,  More
eftective recall is achieved, however, by claborative rehearsal in which the meaning of the
information is used to help store the information. While there ave some experiments that
refute this conclusion, it can be stated that, in general, complex, meaningtul study of
information in which connections and refationships are considered leads to better recall of the
information (Asheraft, 1989), Recall of information may also be related to the manner in
which the information was organized in memory. This will be discussed in more detail in the
scection on knowledge and mental wodcls.

The other major factor intheencing the case with which information can tre retrieved trom
long-term wicniory is the prescnce of retricval cues at the time of rewrieval, Tulvang and




Thompson’s (1973) cncoding specificity theory states that information encoded in memory
contains not only the specific information item but also any extra information about that item
that was present during the encoding. If that extra information is available at retricval time, it
will be casier to recall the information. The cxtra information that is encoded with the item
may make a good retricval cuc (a prompt or reminder for the information to be retricved).

Principle 6: Display information on the display so that it matches the way the
information was learncd or taught, or provides rctricval cucs to help
prompt for thc lcarned information.

Principle 7: Minimize the number of coding schemes and symbols the pilot must
memorize,
Relevanee: The instrument approach task requires a great deal of background

knowledge of instrument navigation systems.  If these systems are
taught through the use of figures that demonstrate the radiation of
wavces from the system, then it would be possible to provide a
symbol for that system that matches the figures used for training, In
addition, the use of population stercotypes such as red for danger
may provide context or retrieval cues for the pilot.

Long-term memory is also subjoct to problems due to interterence (Thimbleby, 1990), This is
also related to the way information is stored in memory,

Principle 8 Avoid using symbols or codes that may contlict with a previously
learned system or population stercotypes,

Relevanee: Pilots receive input trom a number of different sources in the aircraft,
Bach of these sources has poteatial for conflict if the same symbol is
used to mean two ditforent things. In the design of BIAPs, care must
be taken not to display information that may conflict with paper 1AP
charts,

24 lmagery and Visual Manory

Studies on memory for pictures and scenes have shown that people are very good at
recognizing bictures from wemory (see Klatzky, 1973 tor a review),




Principle 9: Present information that provides pilots with a mental pictorial image
of what to ook for.

Relevance: Some of the information on IAP charts is provided to help pilots
form a mental picture of what he or she may see during the
approach. If this information is provided in pictorial form, the pilot
will have good memory of what was on the chart and be able to
recognize it quickly in "the real world.”* Huntlcy (1993) provided an
cxample of this in his presentation of runway lighting information.

Paivio (1965) supports a dual-coding theory that suggests that information in memory that has
both a visual and a phonetic code may be recalled more easily than information that has only
a phonctic code. He showed that high imagery or concrete nouns (such as dog) were recalled
casicr than low imagery or abstract nouns (such as truth). Rescarch that suggests that
individuals have a mental image of information suggesis also that this mental image is not
preciscly the same as the rcal image (may contain only the degree of detail that provides
necessary information) and this mental image can be segmented into meaningful picces
(Andcrson, 1985; Norman, 1988).

There arc some problems with the memory of pictures and spatial arcas. Research has shown
that people are subject to some biases in the memaory of visual information. People shiow
biascs toward symmetry, alignment with other figures, rotation toward a vertical-horizontal
reference frame, and a tendency to cluster landisarks close together (Howard and Kirst, 1981),
Fortunately these bigses are maost prevalent when individuals are required to reproduce visual
information and the instrument approach task requires recognition of visual information.

Principle 10 For concepts that must bo recalled in the instrument approach task,
provide pilots with a visual representation of the concept in addition
to the name for the concept.

Principle 11: For concepis that can be represeried visvaily display symbols that
capitalize on the mental image by making meaningtul features (¢.g.
features that can be used 1o distinguish one objeet from another)
distinctive.

Relevance: Pilots are reguived to have a great deal of background knowledge of
the instrument flight and navigation system for the approsch task. I,
during teaining. pilots are provided with visual representations of
concepts that must be remembered, pilots will have a dual codlde of
the intormation leading to easier recall. In addition, the EIAP chasts
could use this visual representation as a retrieval cue, making recall
CVEN CIsICT.
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3. PERCEPTION AND COGNITION
31 Visual Search

One of the most umportant issues in the design of EIAPs is the time that it takes for a pilot to
search the display for needed information. Probably the most important factor which affects
scarch speed is the degree to which iteras are consistently located. If an individual develops
an expectation that the information wil} be in a certain location, search speed will be faster if
the information is located there consistently. Wickens (1984) has identified a number of
other factors that affect the speed at which individuals search a display:

L, The greater the similarity between features of the item to ve searched and
fcatuves-of other items, the slower the search speed

2. The greater the number of targets that must be searched for, the slower the
scarch speed

3. The greater the number of clements that must be scarched, the slower the
scarch speed” - -

4. The more information on the display. the slower the scarch speed

3. The more practice the individual has had in the scarch task, the quicker the
scarch spead -

o, The number of dimensions that can be used to describe a target affects the
search task--if the dimensions are non-redundant then scarch speed is slowed.
however, if they arc redundant then scarch speed is faster.




Principle 12: Locate information consistently on the display.

Principle 13: Make features of different targets as dissimilar as possible.
Principle 14: Eliminatc any irrelevant information from the EIAP display.
Principle 15: Use redundant coding of targets (make targets diffcrent on more than

one dimension--shape, size, color--sec¢ section on coding).

Relevance: Pilots usc IAP charts to quickly locate specific items of information
during the approach task. Minimizing the time required for this task
is of grcat importance in the design of EIAPs. Pilots are under a
great deal of time pressure throughout the approach. It is possible to
locate some scarch targets on the approach plates consistently from
chart to chart (e.g., ATIS frequency, minimum visibility). Some
items may be located both spatially (in terms of a world reference
frame) and consistently (as is done in Huntley's "bricting strip").
For thosc items which can not be located consistently, the
recommendations to make themn distinctive and usc redundant coding
are cspecially important.

3.2  Pattern Recognition

Neisser (1976) defines pattern recognition as "The process of assigning objects or stimuli to
categories . . ." Theorics of pattcrn recognition include template theories, prototype theories,
and feature detection theorics, Each of these theories has shortcomings and template theories
arc usually dismissed completely. An argument between the validity of prototype vs. feature
detection theories leads to a discussion of top-down (concept-driven) vs. bottom-up (data-
driven) processing.  Pereeption of information is a combination of two types of processing--
top-down processing is an analysis of the holistic propertics of the stimulus, utilizing context
and expectations; bottom-up pr -essing is a detailed analysis of stinwlus information. When
viewing conditions are poor. people are required to rely more on top-down processing
(Eyscnck, 1984). There are two important ideas that come out of these theories and rescarch
on pattern recognition;

1. The more clearly the foatures of the patiem are presented, the more casily the
object is recopnized (helps bottom-up processing).

2, The more information that is provided by context (sets up expectations), the
more casily the objeet is recognized (helps top-down processing).




Related principles: 2, 6, 13, 15

Principle 16: Make object features distinctive. This can be done by increasing the
size of the object, using redundant coding such as size and color
(Principle 13), or by making the shape of the object distinct from the
shape of other objects (Principle 11).

Principle 17: Provide context for items that must be identified quickly. Context
can be provided by using shapes which are meaningful (Principle 2),
by providing retricval cucs (Principle 6), by displaying related items
or information. In the casc of verbal material, context could be
provided for a word by displaying it within a meaningful sentence.

Relevance: The speed and easc with which a pattern is recognized and
appropriately categorized is cxtremely important to an IAP Chart
user. The design of displays which provide the most clear "features"
and relevant context will help with this recognition.

3.3 Mental Rotation

Another factor that affects the speed of recognizing a pattern is the amount of transformation
or rotation that must be performed on the image. Researchers have shown that when people
arc asked to determine whether an image matches one they have seen previously, the time
that u takes increases with the amount of transformation of the image from the original
(Anderson, 1985).

Principle IR: It a moving map is used, display symbols with an upright oricatation
at all times (horizontal text).

Relevance: The instrument approach task requires pilots to be able to arickly
recognize information on the approach plate, Symbols wi. 4
congistent orientation will facilitate speed of recogaition. Pilots also
are required to mateh the image of the outside world to the image of
the approach plate. A static BIAP does not allow the pilot 1o
physically rotate the image as can be done with a paper chast,
Untortunately a dynamic BIAP that maintains a track-up orientation
(and does not require mental rotation) presents 4 number of other
problems which are discussed in detail in the section on dynamic
displiays.




3.4  Display Clutter

Clutter is the problem most frequently cncountered in the current design of IAP charts.
Unfortur.ately, clutter is a difficult concept to define and is even more difficult to quantify.
An individual perecives display clutter when relevant information is difficult to locatc and
identity on a display duc to the existence of irrelevant information on the display. Display
clutter is a problem any time a large amount of inforreation must be displayed in a small
amount of spacc. There are a number of factors that affect the perception of clutter on a
given display:

1. The density of information on the display

2. The pereeptual discriminability of information on the display (two symbols
would be less pereeptually discriminable than onc symbol and one line of text)

K The discriminability of the mecaning of different information clements on the
display (the final approach fix indicatcd by a symbol and the decision height
indicated by an altitede (in text) may be less discriminable in terins of meaning
than the final approach fix symbol and an obstacle symbol)

4. The user’s familiarity with the information on the display (both relevant and
irrclevant information)

N
.

The user’s familiarity with the grouping and organization of information on the
display

The Jast three tactors in this list isdicate that the implicit knowledge that a user brings to the

task has an offect on peveeption of display clutter. A display that appears cluttered to a
ROVICE USCT may ROt appear 8o to an expericheed user.

4




Related Principles:

Principle 19:

Principle 20:

Principle 21:

Principle 22:

Principle 23:

Principle 24

Relevance:

3, 12, 14. See sections on mental models (5.1), organization and
grouping of information (7), and direct perception and integration of
information (8).

Eliminate any irrclevant information from the EIAP display
(Principle 12). This includes removal of information suc™ as
minimums for other aircraft types or military aircraft.

Display text and symbols that are visually distinct (Principlc 14).

Increase the discriminability of the display through the judicious usc
of coding and highlighting (scc scction on coding).

Increase the discriminability of the display through use of blank
space and organization of information on the display (sce scction on
organization).

Display information in its most intcgrated form (scc section on dircet
perception and integration).

Group and organize information in a mcaningtul manacr (see scction
on grouping and organization).

EIAPs present the approach plate designer with possibilities for the
reduction of display clutter that were not available to paper chart
designers. Specitic information about the aireraft and the route could
be provided pre-flight to the BIAP so that the displayed plate can be
customized, with much more of the imelevant information removed.
This, of course, will reduee search time for the relevant information,
EIAPs also afford the possibility of presenting information on
separate sereens or in Mlayers," However, the method of swatching
sereens will have o be caretully evaluated. To. facilitate the
extraction of meaning of elements on the display screen, it s
necessary 1o understand how the pitot views the relationships
between information clemeats on the display (see section on mental
maodels).

Schulrz. Nichols, and Curran (1985) researched decluttering of a graphic display by removing
or minimizing intormation of lesser mportance. They found that removing ext and making
less important symbols smaller was as effective a decluttering techaigue (in terms of search
tine for the important items) as was complete removal of the less important itlems. Schultz et
al (1985) concluded that ™. . . the effectiveness of declutiering methods depends upon the
degree to which cach method makes essential graphic information distinctive from
nongssential information."”
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Principlc 25: Make information which is currently necessary distinct from
information which is displaycd but may not be cssential at that time.

Principle 26: After all other options have been considered, if clutter is still a
problem--incrcase the size of the display or display the information
on scparate screens, grouped in a meaningful manner (sce Principle 5
and later scctions on organization and grouping).

Relevance: This sclective declutter has intcresting implications for the approach
task since there may be rcasons to show symbols for NAVAIDs
which the pilot docs not plan to usc (yet may nonctheless want to
know what options arc available), but it may not be nccessary to
display all of the information associated with them unless it is
specifically requested. Decluttering of essential information is
possible without complete removal of non-cssential intormation,
which may be requested if needed.  Thus, another method of
"layering" information without complete removal of information is
provided,
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4. ATTENTION AND PERFORMANCE LIMITATIONS

4.1 Focused Attention

Focused attention refers to an individual’s ability to concentrate on onc important source of
information (Wickens, 1984). The individual must be able to locate a critical item of
information quickly whilc shutting out other unwanted stimuli that may capture attention. A
pilot must usc focuscd attention to extract onc frequency from an approach plate. Focuscd
attention can be facilitated by stimuli that draw attention to themsclves. Stimuli that contlict
with expectations, arc novel or surprising may draw attention to themsclves, Most of the
mcthods that facilitate focused attention also reduce visual scarch time and reduce display
clutter and have already been discussed.

Related Principles: 3. 12, 13, 14, 16, 19, 20, 21, 22, 23, 24

Relevanee: The facilitation of focused attention will help the pilots to extract
weeded information quickly and accurately. However, care must e
taken to cnsure that methods used do not interfere with a pilot’s
ability to direct or divide aticntion properly (sce Selective and
Divided Attention below).

4.2 Selective Attention

Selective attention reters 10 an individual’s ability to select the appropriate information trom a
number of difforont sources, Pilots” sampling of information from varions sources (scan
paticmns) is an exanple of the use of <elective processing. People are limited in their ability
to sample appropriate information ana will sample inappropriate information instead i it is
more salieat, Problems with selective attention way be related to display clutter,  Individuals
also wmay become preoveupicd with certain events and wiay not select the informatian that
needs 10 be sampled ar a gives time, This is often referred o as coghitive tunncliog.
Wickens (1984) summarizes four conclusions based on resewich oi selective atiention;

I Sampling is puided by the individual’s model of the statistival properties of the
ChVIfoRImHt. ' '

2. People leam to sample inoie frequently those displays which iadicate higher
~event rates.

3, Mentory lapses and imperfections lead o inore frequent sampling than i
oplimum.

4 A preview of future cvents hielps o optimize saspling and switching.
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Rclated Principles: 25, 26
Principle 27: Locate frequently sampled information centrally.

Principle 28: Information itcms that arc often sampled scquentially should be
located closc together.

Principle 29: Design the display to facilitatc the preview of future cvents.

Principle 30: Avoid presenting information in such a way that inappropriatc
information is morc salient than appropriate information. Motion,
color, highlighting, and sizc may make information more salicnt.
These features may also induce cognitive tunncling so that attention
remains focuscd on inappropriate information,

Relevance: The EIAP is required to prescat a large amount of information and
the pilot must be able to select the aparopriate information on the
display at the appropriate time, Unless the exact situation is known,
it is impossible to predict what information is nceded for the pilot.
However, it is possible to help the pilot by following these
principles. 1t has already been stated that the pilot uses the display
for two purposes--first for planuing, thea for extracting specific
mforimation. A planning display shoald allow the pilot to preview
and seleet information siceded for future ovents so that he or she will
be able 10 quickly extract the appropriate information when it is '
needed.

4.3  Divided Atteantion

Divided atontion is the ability to divide atiention between two or more stinli o tasks,
Attention is rot steictly serial, A channel model i which a chaiel is defined a8 a spanal
area (one degree of visual angle), & common piek. or We grouping of relited meanings
{(Wickens, 1984) s often used in the discussion of divided attention. Attention can b
foctsed on one chisnel o that information within one chasnel can e provessed in garalled.
This parailel provessing can be either fuvmtul or helpful. Parallel processing is helpful it two
tasks have independent implications tor action or it both sources of information imply the
same action (@n example is the use of redundant ¢odes). Pasallel provessing nuy be harintul
if oxouree competition occars o i the action paforimed oiv unwamed iforation within the
channel competes with detion performed on wanted nformation within the sanw channel.
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Related Principles:  Sec scctions on display clutter (3.4), multiple resource theory and
resource competition (4.6), and coding (9). '

Principle 31: If two items or tasks should be processed in parallel, locate them
spatially within onc channcl.

Principle 32: If two items require two different actions which may be competing,
scparate them spatially,

Principlc 33: Never use two codes for onc symbol that have different implications
for action or different meanings. For cxample do not usc the shape
of a stop sign with the color green.

Relevance: The instrument approach task requires pilots to be very good at
dividing attention. There arc many situations where a pilot can and
docs process two different bits of information at the samc time. For
cxample, a pilot may identify the appropriatc NAVAID name whilc
at thc same time remembering the frequency for that NAVAID on
the EIAP. A problem ariscs when the two different sources of
information imply different implications for action. For cxample, if
red indicates a NAVAID frequency and a box around the numbers
indicatcs a radio frequency, red numbers with a box around them
would causc problems for the pilot.

4.4 Workload Effects

Workload is a concept that has reccived a great deal of attention in human performance
literaturc. Gopher and Donchin (1986) statc that "workload is invoked to account for thosc
aspects of the intcraction between a person and a task that cause task demands to exceed the
person’s capacity to deliver." Changes in the difficulty of the task or tasks and the operators’
intcrpretation of that difficulty can be described by the workload of the task. In the case of
EIAP display design, workload is important in that it is often related to operator performance.

Moray (1982) presents a list of factors that affect perceived difficulty:

the requircment to generate lead (predict)
physical cffort

number of alternative solutions

quality of data

uncertainty about the consequences of action
conflicting demands with respect to desired outcomes
necd for feedback

scarcity of time (time pressure)

cxpenditurc of energy

probability of failure

motivation
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The following factors inay also be added to the list:

the number of tasks that must be performed

the number of tasks that must be performed concurrently
the number of items that must be maintained in memiory
the psychological stress of the tasks

In general, any time more tasks, competing tasks, or more complex tasks are required,
workload is increased and may lead to a breakdown in performance. An exception occurs
when task difficulty is so low that the task is boring--an increase in workload may actually

lead to better performance. Many of the factors listed above are discussed in detail in the
following sections.

Related Principles: 1.2, 3,4, 6, 7, 25, 26
Principle 34: Whencver possible, predict future states automatically.

Principle 35: If relevant, reduce the amount of time that must be spent controlling
(setting, sclecting) the EIAP and scarching for information on EIAP
(sce scction on Visual Search).

Principle 36: Make clear the conscquences of any action on the EIAP before the
action is taken.

Principle 37 Reduce the number of tasks that must be performed--don’t add any
ncw tasks in the design of an EIAP,

Relevance: Based on the above factors affecting workload, it is obvious that the
instrument approach can be considered a high workload task. Pilots
arc required to generate lead ("fly ahcad of the aircraft"), consider a
number of altcrnatives, perform a number of different tasks (some of
them concurrently), and experience very high time stress.
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4.5  Depth of Processing: Controlled vs. Automatic

Rasmusscn’s model suggests that higher levels of processing causc a task to have a higher
level of workload. In fact. Reason (1990) states that ". . . human beings arc strongly biased
to scarch for and find a prepackaged solution at the RB [rule-based] level before resorting to
the tar more cffortful KB [knowledge-bascd] level, cven where the latter is demanded at the
outsct.”" Vicente and Rasmussen (1992) usc this knowledge in iheir framework called
ccological interface design (EID). In EID, the goal is not to force processing to a higher
level than the demands of the task require.

Related to Rasmussen’s model is Schneider and Shiftrin’s (1977) classic distinction between
automatic and controlled processing. "A controlled process is onc that requires attention and
takes up capacity: an automatic process is a well-lcarned behavioral sequence that is
automatically triggered by some cuc or signal and that docs not require attention or compete
with other processes for capacity (such as memory capacity)" (Chase, 1986). Automatic
processes can operate in parallel with other processes. Within the framework of Rasmussen’s
model, automatic processes can be cquated to skill-based processes. Within the framework of
multiple resource theory, automatic processes operate without consuming any resources
(althougn there still may be structural interference).

Logan (1988) questions the distinction between automatic and controlled processing,
hypothesizing that there is not a distinet difference between the two, rather automaticity
occurs along a continuum with i task becoming more and more automated with increased
practice. Theoretical arguments aside, itis true that continued practice of tasks which require
CONSIStent responses to consistent stimuli do promote fast, effortless performance that does not
consume attentional resources. There are, however, some problems with this type of process
siee it s sometimes difficult to stop an automatic process oncee it has started.  This problem
is discussed in more detail in the section on human crror,




Related Principle: 12

Principle 38: Use symbols consistently within the EIAP and between other cockpit
displays to promote automatic or skill-based processing.

Principle 39: Display information in a manner that promotes rule-based processing
as opposed to knowledge-based processing (see sections on Problem
Solving and Reasoning, and Direct Perception and Integration of
Information)

Relevance: During an instrument approach, the pilot is required to divide his or
her attention between a number of different tasks. If extracting
information from the EIAP can be automated, it will occur more
quickly and interferc less with the pilot’s other tasks. Also, when the
pilot must process information on the EIAP at a higher level, it will
be donc more quickly and with less effort if it can be done at a rule-
bascd level rather than a knowledge-based level. The sections on
Problem Solving and Reasoning, and Dircct Perception and
Intcgration of Information provide more insight into how rule-bascd
processing can be promoted. '

4.6  Time-Sharing and Resource Competition

Task workload also is affceted by the degree of resource competition for that task., Multiple
resource theory (Wickens, 1984) predicts that if two tasks demand scparate resources, time-
sharing will be more cfficient and changes in the difficulty of one task will be less likely to
influcnee performance on the other task than if two tasks demand common resources. For
cxample two tasks which require a visual input and a manual output will interfere more
(resource competition) than a task which has a visual input and a manual output and a task
which has an auditory input and a verbal output. There is also some evidence for a
compatibility effect for contral processing codes. Tasks which require verbal working
memory may best be served by auditory inputs while tasks which sequire spatial processing
arc best served by visual inputs,




Principle 40: Take advantage of multiple resources by displaying both verbal and
spatial information.

Relevance: Tasks performed by pilots during an instrument approach requirc that
the pilot use a number of different resources. The pilot is receiving
both visual and auditory input, using both spatial and verbal
processing, and making both verbal and manual responses to the
information. Unfortunately, the EIAP is limited to providing visual
information and the information, in general, initiates a manual
response. This leaves only manipulation of the display of verbal or
spatial information as a way to help reduce resource competition. It
also is difficult to specify what other tasks a pilot will be performing
(he may be using spatial sxills to fly the aircraft and/or verbal skills
to listen to and respond to ATC) whilc he is using specific items of
information from the EIAP. In fact, it is probably better to
determine whether presentation of information should be spatial or
verbal bascd on the nature of the task (c.g.. information that requircs
spatial processing should be presented spatially) than to make any
attempt to display it so that it docs not compete with other tasks in
the cockpit. However, the general recommendation that the
information presented should be a mixture of both verbal and spatial
information may help climinate some resource competition, In
addition, testing of the EIAP should include examination of the use
of the EIAP within the entire task for potential resource competition.

4.7  Stress Effects

Many of the tuctors listcd by Moray (1982) as affecting workload are stressors,  Stress
(causcd by uncertainty, time prossure, cte.) affects a person’s ability to perform, Rescarchers
have shown that individuals under stress have a reduction in working memory capacity.
sample information with non-optimal strategics (they may pay attention to only one source of
information--a phenomenon known as cognitive tunneling), and may continuc attempting an
unsuceessiul solution (often termed porseveration). Stressors signiticantly atteet the carly
stage of decision making by disrupting scan patterns, adversely influencing which clements
are attended to, and reducing the number of clements attended to (Endsley and Bolstad,
1993). In contrast. Wright (1974), found that, under time stress, decision-making
performance deteriorated when more information was provided, People sought more
information than they could effectively absorb.  In cither case, stress affects performance,
especially the ability to focus attention on the appropriate information.
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Related Principles: 1, 2, 3, 4, 6, 7, 12, 13, 14, 15, 21, 22, 24

Principle 41: Under high stress situations, display important information so that it
is highly salient.
Relevance: The instrument approach is one of the most stressful situations for a

pilot. Bad weather and time stress affect a pilot’s ability to perform.
A missed approach is a good cxample of a stressful situation for a
pilot. The pilot must get up and out of the airport area quickly and
is uncertain of thc next actions to take. It is at this time that an
EIAP should automatically, by pilot selection, highlight only the
information that is pertinent to the missed approach (i.c., missed
approach instructions and terrain in the missed approach area).

4.8  Errors (Skill-Based)

There arc a number of errors that arc common in humans when performing tasks at a skill-
bascd (or automatic) level. A summary of the crror types discussed by Reason (1990) is
presented below:

Double-Capture Slips: This type of ermor is duc to the failure of
attention at some time during a skill-based activity. At the time that the
person fails to attend (or omits a check in the sequence), the strongest
or most highly automated, rclated sequence of actions takes over. For
cxample. a person wants to make a change to his or her daily routine
(c.g. stop at the store on the way home) but continues on with the
routine without making the change (drive right by the store without
stopping). '

. Omissions Following Interruptions: The sccond type of error duc to
inattention occurs when the performance of some skill-based sequence
of actions is interrupted. After the interruption, the sequence is
continucd but the steps that should have been taken immediately
following the interruption are omitted.  For example, 2 pilet plans to set
the NAVI receiver to the primary NAVAID and the NAV2 receiver to
the secondary NAVAID. The pilot reads the primary NAVAID
frequency and starts to set the NAV1 receiver but is interrupted by
ATC. After responding to ATC the pilot returns to the task, sctting the
NAV2 receiver without completing the setting of the NAVI receiver,

. Reduced Intentionality: This type of civor occurs when an individual
scts out intending to perform some act but his or her attention is
captured by something clse in the environment.  After sesponding to this
the person no fonger ~cmembers what the original intention was.  This
is the familiar "why am I here” error.




Perceptual Confusions: This type of error occurs when people accept
as a proper object for the job something that looks like the object, is in
the expected location, or performs a similar function (e.g. putting the
cereal box in the refrigerator).

Interference Errors: These are errors in which two different
automated tasks with some similarities are confused or mixed (e.g.
answering the telephone at home with "Monterey Technologics, may I
help you?").

Omissions: In addition to errors of inattention, there are also errors of
overattention or mistimed checks. Omissions occur when one checks a
sequence and concludes that it has completed before it actually has
(similar to omissions due to interruptions).

Repetitions: Repetitions duc to overattention occur when onc checks a
step in an automated process and determines that a step that has alrcady
been pertormed has not, and performs the step again.

. Reversals: This typc of ovcrattention occurs when a person preparces to
perform some action (getting moncy out to pay at the grocery store),
then, before completing the action, reverses it (puts the moncy away
before the cashier has collected it).

Thimblcby (1990) adds to this list "termination crror” which is an crror that occurs when
some act leads a person to "closure” before the entire act is completed (c.g. leaving your card
in a moncy maching after you have reccived your money).




Related Principles:

Principle 42:

Principle 43:

Principle 44:

Principle 45:

Relevance:

1,3,4,7,8,12,13, 15, 24, 38

Provide a means of keeping the pilot aware of where he or she is in
a sequence of activities.

Provide the pilot with a method to annotate any unusual activities for
a given approach,

Provide reminders of any crucial steps in an approach scquence.

If consistency of location of an information item is used to promote
skill-based processing--it must always be followed.

Many of the actions that a pilot must take during an instrument
approach are well-learned, skill-based sequences subject to many of
the above crrors. Errors of this sort during an approach can be very
dangerous if they go unnoticed. Many of the principles already
mentioncd--consistency of location, consistency of symbol usc,
distinctivencss of symbols--will reduce this type of crror. In
addition, current checks such as checklists arc alrcady used by pilots
to rcmind them of crucial steps. It is important that no additional
activity by the pilot be required for the implementation of principles
37 and 38.
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5. KNOWLEDGE

Cognitive psychologists often divide the representation of knowledge into two types of
memory--¢pisodic memory and semantic memory. Episodic memory is autobiographical
memory of events. Semantic memory refers to the memory of concepts and their
relationships. Semantic memory is highly organized to allow for fast retrieval of information.
The line between episodic and semantic memory is hazy since much of the information in
semantic memory is transferred through episodic memory (Tulving, 1972 in Eysenck, 1984).
A model of the way information is represented or organized in memory may provide some
insight into the way an individual thinks about and performs a given task.

5.1 Mental Models

Modecls of the representation and organization of information in the mind are often called
mental models. Norman (1988) states that mental models are "thc modcls people have of
themsclves, others, the cnvironment, and the things with which they interact.” A mental
modecl is developed based on experience, training, perceived actions, and visible structure
(Norman, 1988). Mental models arc dynamic (Rouse and Morris, 1986). According to
Cannon-Bowers, Tannenbaum, Salas. and Converse (1991), mental models serve a heuristic
function. A model speeds the rate of comprehension by allowing situations, objects,
functions, and relationships to be classificd by important or salicnt features. Cognitive task
analysis techniques try to determine the structure and content of mental models (sce Appendix
A for an initial cognitive task analysis f the instrument approach task).

Of course, cach individual's mental modet of a particular system may ditter from those of
others. Novices tend to have mental modcls that rely on surface features while experts have
models that arc organized by deeper underlying principles (Chi, Feltovich, and Glaser, 1981),
Cannon-Bowers ¢t al, (1991) suggest that training of an explicit conceptual model will direct
and focus trainces on important components and relationships, will help trainces to organize
information, and will help trainees to integrate the information with existing knowledge. In
addition, such training will minimize differences between individuals® meatal models and may
lead to more complete and accurate mental models. Cannon-Bowers et al. (1991) caution,
however, that training conceptual models may not be valuable if the models are very simple,
very complex, or do not support inferences which are necessary for operation of the system,

Much of the literature on the duesign of human-computer interfaces suggests that many of the
errors that are made are a result of diserepancies between the designers’ model of the system
and the user's mental model of the system.  This suggests that, as an alternative 0 training 3
conceptoal model, it may be beneticial to determine the structure and content ot the user’s
mental wodel and design the system inierface to match the user's existing model,

27




Related Principles: 6, 8, 9, 25, 26

Principle 46: Provide pilots with a conceptual model of the functions of the EIAP
system.

Principle 47: Make functions of the EIAP visible to the user.

Principle 48: Design the EIAP to be consistent with pilots’ mental model of the

instrument approach task.

Relevance: Research on mental models may be applicable to this project in two
different ways. First, pilots will form a mental mode! of the new
EIAP. The EIAP should be designed so that all functions are
directly visible, enabling pilots to form an accurate mental model of
how ths system works. A conccptual model (a graphical
representation of the EIAP system) should be provided for training
purposcs on the new EIAP system. Sccond, pilots already have a
mental model of the instrument approach task and related systems.
The EIAP should be designed to support this cxisting modcl.

5.2  Lmplicit vs. Explicit

The distinction between implicit knowledge and explicit knowledge is important for the
design of displays. Implicit knowledge refers to the knowledge that an individual brings to
the task. Norman (1988) refers to implicit knowledge as "knowledge in the head." Explicit
knowlcdge is knowledge that is obtaincd during the task or "kinowledge in the world."
Implicit knowledge is information that is obtained trom long-term memory while explicit
knowledge is obtained from sources directly related to the task at hand.

There are advantages and disadventages of both types of knowledge. Explicit knowledge acts
as its own reminder. It is casicr to lcarn, but more difficult to use, Implicit knowledge s
very efficient. It does not require scarch and interpretation of the enviromment as does
explicit knowledge. However, implicit knowledge requives some event or stimulas to act as a
reminder so that the knowledge is retrieved (Norman, 198%).
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Related Principles: 6, 7, 8, 9, 42, 44, 46, 47, 4

Principle 49: Determine and provide the appropriate level of knowledge in the
world to promote a good conceptual modcl of the system on the part
of its users: this requires consistency of mapping between the
designer’s model, the system model and the uscr’s model (Norman,
1988).

Relevance: The basic purpose of the EIAP is to provide the pilot with the
explicit knowledge needed for the task. It is important to make the
appropriate determination of what information should be presented
explicitly and to display the information in a manner that matches the
pilot’s implicit knowledge of the task.

5.3 Situation Awareness

Situation awarcncss is defincd by Endsley (1987) as "the perception of the elements in the
environment within a volume of time and space, the comprehension of their meaning, and the
projection of their status in the near future.” It is used by pilots to refer to their awareness of
the state of their aircraft, the environment surrounding the aircraft, and their ability to predict
future states ("fly ahead of the aircraft"). It refers to the pilot’s ability to sample and remain
aware of all the pertinent information available. Rescarchers have applied many of the
concepts from the literature of research on cognition to suggest means of improving situation
awareness, The literature available on sitation awareness reiterates principles alioady
discussed related to short-term memory, long-term memory, attention, stress, workload,
clutter, filtering of information, and integration of information (Endsley and Bolstad, 1993),

54  Mental Maps and Navigation

Thorndyke (1980} proposes that knowledye of geography changes quaditatively through a
progression of three levels, First, individuals attain "landmark knowledge" of an arca. They
deseribe or navipate through ar area via references w landmarks,  Second, route knowledpe,
Kunowledge of the route with an ego-centered reference frame, is attained.  Finally, survey
kuowledge, or knowledge of the area with a world reference frame, is achieved, Route
kiowledge shares properties with track-up or inside-out displays while survey kaowledge can
be compared 10 north-up or outside-in displays, Wickens (1984) states that ™, L, possession
of route knowledge is optimal for judgements wiade from one'’s own frame of reference . . .
In contrast, individuals possessing survey knowledge should be relatively poor at these tasks
but better at tasks requiring an independent, world frame of veference." Route knowledge will
be obtained fvom dir ¢t navigation while survey knowledge will be direetly obtained through
studymy maps and eventually through navigation (Thomdyke and Hayces-Roth, 1978).

Further research reviewed in Wickens (1984), sugaests that route lists may be better for
navigation tasks while maps are better for planning purposes.  The problem with using only a
route list for navigation is that if one beconies lost, the wnformation on the list becomwes
nicaningloss,




Knowledge of the geography of an arca may be encoded spatially in memory. "Mental map"
or "cognitive map' arc the terms uscd to describe this spatial representation in memory. The
biascs that humans arc subject to in visual memory (see scction on visual memory) can also
be applicd to mental maps. In addition, pcople have a tendency to cognitively distort the
world toward a North-South-East-West oricntation and will describe the location of cities by
rcliance on the "higher order” information of the location of states or countrics (scc Wickens,

1984 for a revicw).

Rclated Principles:

Principle 50

Principle 51:

Principle 52:

Relevance:

49

Provide a spatial map when the display is to be used for planning
purposcs.

Provide route instructions in addition to the spatial map when the display
is uscd for navigation purposcs.

Show the locations of promincnt landinarks on the spatial map.

Pilots usc approach plates for two purposes--planning and navigating the
route. Providing pilots with a spatial representation of information will
facilitate planning. During navigation the pilot is more interested in
retrieving specific information quickly. If the pilot is able to specify the
route during the planning stage, the EIAP can provide the necessary
information for navigation in a sequential display (similar to a route list),
The implications of changes in plan must be caretully considered prior to
implementing this type of function.  Providing the pilot with prominent
landmarks on the EIAP will help in navigation through untamiliar aveas.
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6. PROBLEM SOLVING AND REASONING

6.1  Reasoning

Research in the arca of problem solving and rcasoning may provide some insight into the way
pcople think about and solve problems and make decisions. It has alrcady been stated that
people prefer to use pre-packaged rule-based solutions rather than apply knowledge and
rcasoning to solve a problem. In fact, pcople arc so strongly inclincd to solve problems and
make decisions in this manner that they will continuc to use a pre-packaged solution cven if it
takcs more time and is less effective than an independently reasoncd solution (Luchins, 1942).
This tendency is often referred to as a negative sct (Ashcraft, 1988) or perscveration. This is
also related to a tendency toward functional fixedness in which individuals will only use an
object or concept in a problem cnvironment in its customary and usual way cven if an
alternative usc of that object will solve the preseat problem. (Ashcraft, 1988).

In gencral, the rescarch available in this area leads to two important concepts that may have
application to EIAP display design: 1) the use of heuristics (rules of thumb) to make
decisions and solve problems and 2) the biascs that these heuristics may introduce (both
heuristics and biases are discussed further in this scction). Asheraft (1988) offers the
followng recommendations to facilitate problem-solving:

Increase domain knowledge

. Automate components of the task (sce section on Depth of Processing)
. Formulate a systcmatic plan
+ Draw inforences '
« - Develop subgoals
. Work backward
, Scarch for contradictions
. Search for relations
. Retormulate the representation of the problem
e Represent the problem physically

. Practice -

Following these recommendations will help the problomesolver to find an accurate solution to
the problem and mey reduce the likelihood that blases will negatively influence tie sesult.




Related Principles: 12, 25, 38, 39, 48. Scc also sections on organizing and grouping of
information (7) and dircct perception and integration of information (8).

Principle 53: Design the EIAP to facilitate the planning of the approach (sce scction
on Planning)

Principle 54: Make relationships between information visible and clear.

Relevance: Most of the rcasoning in the instrument approach task takes place during
the planning stage. Some of the tasks during the approach, such as
determining hcadings to stay on a localizer course, may require
rcasoning by novice pilots, but genciawuy heuristics (rules of thumb) are
leamned and automated for these tasks. The EIAP should be designed to
facilitate the pilot’s task of planning the approach. Rclationships
between piocc% of information should be visible and clear and should be
prcscntcd in a manner that matches the pilot’s expectations.

6.2  Decision Making

Much of the research on reasoning deals with the manner in which people make decisions.
The difficulty of a decision task is determined by the number of inputs to the deeision, the
possible outcomes of a decision, and the number of mental multiplications or summations that
may be requived to get a weighing of the possible options. Humans have a limited ability to
consider more shan three or four hypothesis at once. This leads to -an nitial elimination of
potential correct dovisions (Wickens, 1984), Stress (including time stross) also affects the
way in which decisions are made (sce above seetion on stress). The same heuristics and
biascs that affect a porson’s reasoning skill atfect a decision-making task.

Decision-making aids automatically reduce the amount of information presented to wiat is
taost important for making the decision. A computer may be usesd to integrate information,
Training to make individuals awase of potential biases, more compichensive and immediate
feedback, and the emphasis of "real” causal relations may also m,ap A person to make the best
dacision (Wickens, 1984).

Related Principlos; 102,25, 26, 48. Sec also section on dumu pereeprion .md intogration of
' information (8).

Relevance: Pilots st smake decisions continually throughout the descent, from
decisions about which heading to take to decisions about speed. altitude,
and conirol scttings.  Principles related (o these deeision naking abilitics
are discussed at more specitic levels in the following scetivas on
heuristies, blases, errors, clfects of wtcrruptions, planmag, @ meatdl
arithmetic,




6.3 Heuristics

Heuristics are previously-learned rule-based sequences that people apply to prot'sms.
Heuristics may be learned through experience or they may be specifically taught. Certainly
pilots are taught heuristics (such as "double the error' to turn the aircraft back on a localizer
course). Heuristics simplify the complexity of decision making and reduce the demands on
attention and working memory. Some of the more general heuristics that people use are
discussed below (Tversky and Kahneman, 1982, Wickens, 1984).

Availability Heuristic: People make judgements about the frequency
or likelihood of an event based on the ease with which instances or
occurrences can be brought to mind. For example, a pilot may guess at
the likelihood that ATC will provide a vector to a certain fix based on
how easily he or she can recall similar situations.

Representativeness Heuristic: People will judge the likelihood of
some action or event generating another event by the degree to which
one resembles the other. For example, a pilot may judge the ability of
an Air Traffic Controller by the degree to which his or her voice is
steady and calm.

Adjustment and Anchoring Heuristic: Estimates that people make are
more strongly influenced by early than late information. For example,
if a pilot must estimate his or her average speed, the estimate is likely
to be anchored closer to the speed of the planc at the time of the
estimate than its landing speed.

In general, the heuristics that people use to make judgements and solve problems arc
beneficial. It may actually be true that an Air Traffic Controller whose voice is steady and
calm is more cxperienced (and possibly more rcliable) than the Air Traffic Controller whose
voice sounds shaky. However, the relevance of the information provided by use of heuristics
lics in the biases that they induce and, in the casc of heuristics specific to the instrument
approach task, the crrors they may causc.

Related Principles:  Sec scctions on biascs (6.4) and rule-based crrors (6.5),

Relevance: Pilots utilize a number of heuristics to help them determine times,
distances, corrections, ctc. quickly and with little mental effort during the
instrument approach task. Improper use of these rules may lead to
crrors. Pilots arc also subject to the heuristics discussed above while
attempting to solve problems and make decisions.
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64  Biases

The tendercy of people to use heuristics to reduce attentional and working memory demands
leads to a number of biases (Kahneman, Slovic, and Tversky, 1982; Wickens, 1984;
Thimbleby, 1990):

1. People tend to overestimate the strength of cause-effect relationships. They
tend to assign cause and effect relationships when none exist.

2. People perceive the occurrence of rare events as more frequent than is true.
This often leads to more conservative decisions.

3. Since humans use an availability heuristic, they are often influenced more
strongly by salient or recent information rather than valid information.

4, An undue amount of weight is given to early information.

S. After people create hypotheses based on early information, they seek out
information to confirm it. This is often called the confirmation bias. Pcople
have trouble dealing with negative information and often find it difficult to
change an initial hypothesis.

6. As the number of sources of information increascs beyond two, people are
unlikely to usc it.

7. There is a tendency to treat all information as if it were reliable cven when the
source of the information is questionable.

8. People tend to be overconfident in their judgements. This overconfidence

increases with expericnee and can add to the difficulty people have in changing
hypothescs, with the result that they create even greater probloms.

iq




Related Principles: 1, 2, 6, 7, 8, 15, 17, 19, 21, 22, 24, 25, 26, 36, 41, 48, 49.

Principle 55: If possible, provide the pilot with an option to have important
information highlighted when the situation warrants it (for example,
highlight terrain information if the altitude of the aircraft drops below
certain criteria--once the pilot has noted the information, he or she could
deselect the highlight.)

Relevance: Many of the principles already discussed deal with methods of making
important information salient and easy to attend to and recognize. This
will help pilots to overcome any biases they may have. One other way
of helping pilots to overcome biases is to force them to verify
information sources, hypotheses, and decisions. Many of these checks
already exist for pilots (requirements to read back information,
checklists, ctc.) Another forced checklist on a computer would probably
be too time consuming and would add unwanted difficultics to the task.
However, it may be possible for the computer to automatically check
pilots’ choices and decisions (potentially by noting choices of
information to view and planning choices), and if a potential for error
exists, to alert the pilot to view appropriatc information. Of coursc any
radical automatic changes should be tested for effects on the pilot’s
ability to attend to other information.

6.5  Errors--Rule-Based and Knowledge-Based

In addition to <kill-bascd crrors previously discussed, Reason (1984) classifies and describes
both rule- and knowledge-based crrors. "In any given situation, a number of rules may
compete for the right to represent the current state of the world." For a rule to compete it
should 1) match the situation, 2) have been successful in the past, 3) be fairly specific to the
situation, and 4) have support from other rules. Errors oceur when a good rule is misapplied
to a situation or when a bad rule is applicd. Misapplication of good rules often occurs when
the situation in which they are applied is changed slightly from previously aceeptable
sitnations, General rules are often stronger than specific rules since they are successful morc
often. People tend to be rigid with rules, if it was successful in the past, they will continue to
use it, even it it is non-optimal (Reason, 1984).

A bad rule is created when propertics of the problem space are encoded inaccurately or not
encoded at all, If you use the rule, "i before ¢ except after ¢ in spelling the word "weigh”
you would be incorrect. The more specific property of the rule "or when it sounds like a, as
in neighbor and weigh," may not be encoded at all. Rules may be wrong., or they may be just
inclegant, clumsy, or inadvisable, For example, in some situations people nay learn ercor
recovery rules rather than error avoidance rules (Reason, 1984) (the driver who successtully
avoids many ncar misses is not 4s good as the driver who Bever CXPricnces Hedr misses),




Failure at the knowledge-based level is more dependent on the reliance on heuristics and
associated biases. Whether attention is directed to the logically important rather than the
psychologically salient aspects of the problem determines the success of reasoning.
One other common error type that should be noted is "Failures of prospective memory--
forgetting to remember to carry out intended actions at the appointed time and place--are
among the most common forms of human fallibility (Rcason & Mycielska, 1982)."

Related Principles:

Principle 56:

Principle 57:

Relevance:

1,2,6,7, 25, 26, 36, 41, 43, 46, 47, 483, 54. See also section on direct
perception and integration of information (8).

Exploit the power of constraints, both natural and artificial. Constraints
guide the uscr to the next appropriate action of decision {Norman, 1988).

Design for crrors. Assume their occurrence. Plan for error recovery.
Make it casy to reverse operations and hard to carry on non-reversible
oncs. Exploit forcing functions (Norman, 1988).

Rule-based errors must be considered both in their applicaticr: to the
instrument approach task and their application to use of the EIAP. If the
EIAP presents information in a form such that the pilot docs not have to
perform mental manipulation on it to use, then the possibility for rule-
based crrors is reduced. If the information on the EIAP is presented in a
manner that matches the pilots conceptual model of tie system, both
rule- and knowledge-bascd crrors arc minimized. The design of any
controls or sclection capability of the EIAP shouid usc constraints to
prevent people from making crrors and provide for casy crror recovery
where errors may be possible,

6.6  Effects of Iuterruptions

Many of the etteets of interruptions have been mentioned throughout this report.  However,
the potential for interruptions during the instrument approach task is so great that a summary
of the eftects of interruptions is warranted.  For ¢ach of the following descriptions, refer to
the appropriate section in the report for more information:

Attentional Effects: Interruptions cause a diversion of attention. This
can affect a person's ability to focus attention and to divide aticntion
properly.

Working Memory Effects: When attention is diverted, it is taken
away from working memory. Qiten the information in working
memory is lost. It the pilot was remembering a frequency, he or she
will have to find it again,

Scarch Time Effects: Obviously, if a person is interrupted and has to
scek information again, scarch time will be aftected.  In addition, if a
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person is interrupted during a search for information, he or she may
have to begin the search again, increasing overall search time.

Skill-Based Errors: Many of the skill-based errors are initiated by
interruptions. Of course "omissions following interruptions" are due to
interruptions, but many of the other skill-based errors may also be
initiated due to a lack of attention.

Reasoning and Planning Effects: The effects that interruptions have
on working memory also affect the ability to reason or plan.
Information may be lost following an interruption. An individual may
become confused and forget what was being considered. He or she may
have to begin the planning or reasoning process again.

Rule-Based Errors: If a person is about to apply a rule, is interrupted,
and during the interruption the situation changes, he or she may return
attention to the rule and apply it without considering the change in the
situation.

. Prospective Memory Errors: Interruptions may cause a person to
forget to perform some future intended action.

Related Principles:  All of the above sections (2.2, 3.1, 4, 6.1, 6.5, 6.7) contain principlcs
which may help to minimize the negative effects of interruptions.

Relevance: Interruptions arc unavoidable in the instrument approach task. For this
reason, the EIAP must be designed to minimize any detrimental effects
of interruptions and must make it casy for the pilot to access information
at the appropriate time.

6.7  Planning

Planning involves reviewing available information and reasoning to predict a future state, and
then making decisions based on this prediction about what actions (also when and how) will
be taken to reach a desired goal.  All of the biases that people are subject to in reasoning and
decision-making arc also important in the activity of planning. Reason (1984) expresses one
of the most important implications of the planning activity:

"A plan is not only a set of dircetions for later actica. it is also a theory
concerning the future state of the world. It confers order and reduces
anxiety. As such, it strongly resists change, even in the face of fresh
information that clearly indicates that the planied actions are unlikely to
achieve their objective or that the objective itsell is unrcalistic.”

It a person puts a preat deal of mental effort into creating a plan, the information in that plan
will be highly meaningful and saliemt. If for any reason the plan must be altered, this
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meaningful and salient information may compete with the new information and lead to

confusion or errors.

Layton, Smith, McCoy, and Bihari (1992) studied three different planning aids for flight
planning. They found that pilots with fewer planning tools available to them chose more
conservative options and studied the data more. However, pilots with fewer planning tools
ran into trouble when the amount of data and number of possible solutions were greater.
Subjects with multiple tools available were able to use them and did consider options other
than the automatically generated onc. However, the automatically generated plan may cause a
shift of attention away from important facts that are required for making planning decisions.

Related Principles:

Relevance:

1, 2,6, 19, 25, 26, 34, 35, 36, 48, 49, 50, 54. Sce also organization and
grouping of information (7).

Pilots usc instrument approach plates to "plan the approach.” In general
this is a fairly complex reasoning and decision-making task in which
thcy must review scveral options and make a number of choices. Oncc
the decisions have been made, the pilot may mentally (or verbally if
there is more than onc pilot) step through the plan. The pilot may sct
some "bugs" or markers, or may even take notes as a reminder of certain
steps in the plan. Pilots are constantly subject to the possibility of a
change in plan. At almost any time, ATC may request that a pilot give
up the original plan and follow a new plan. The potential for confusion
in such a situation is great. Principles for designing for planning are
generally the same as those related to designing to match the pilot's
model of the task.

6.8  Mental Arithmetic

Mental arithmetic is considered to draw most heavily on central-processing (or exceutive)
resources (Boff, Kaufman, and Thomas, 1986: Eysenck, 1984). This suggests that the
performance of mental arithmetic is likely to interfere with many different types of tasks and
may even interferc with an individual's ability to allocate resources to other tasks effectively,
Research by Hiteh (1978) has showan that performance of mental arithmetic is improved when
the auditory prosentation is supplemented by a visual presentation of the problem or part of
the problem, Hitch (1980) has also shown that errors are less trequent when the subject is
required to articulate intermediate answers o the problem.  Thus, the recommendation that
reasoning problems be broken down into subgoals certainly applics to a mental arithmetic

task.




Related Principles:
Principle 58:

Principle 59:

Relevance:

See section on integration of cognitive tasks (8.3).
Reduce requirements to perform mental arithmetic.

If possible, provide visual representations of any tasks which may be
required.

Many aspects of the instrument approach task require pilots to perform
mental arithmetic. Mental arithmetic is required for determining
headings, times, and distances. Many of the heuristics that pilots use
make these tasks easier; however, these heuristics are subject to biases
and inaccuracies.
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7. ORGANIZATION AND GROUPING OF INFORMATION

The organization and grouping of information has strong effects on how quickly and
accurately information is processed by the humans. Proper organization and grouping can be
used to reduce both perceptual and cognitive clutter and also may aid the pilot in planning
and executing the approach.

7.1  Categorizing Information

Information that .. grouped or categorized based on meaning will allow for the quickest and
most accurate processing of information. Neisser (1976) reviews experiments that show that
people can identify targets in a sentence faster when they are given the meaningful category
(a fruit) to which the target belongs than when the target is defined literally (PEAR) or
acoustically (pair). Grouping information that is related together speeds the recognition of the
information (since one item provides context for another). The related information may also
act as retrieval cues to help access any needed information from long-tcrm memory. Woods
(1985) suggests that information should be organized based on high level units and that task-
mcaningful units should be identified for organization. In addition, information that must be
processed together should be grouped together,

A mental model for any given task should help to define meaningful categories and "task-

meaningful units." Information which is grouped more closely in a mental model could be
grouped on a display. Other methods such as card sorting may also help to identify what

groupings or catcgorics arc meaningful to an i:dividual.

Related Principles: 24, 48

Principle 60 Use task analyses to determine groupings of information that arc
meaningful for the task, and to help in using this information,

Relevance: To facilitate rapid retricval and understanding of information on the
EIAP, it must be presented in meaningful (to the pilot) groupings.
Research available on the information requirements of pilots must be
reviewed to determine the specific groupings.  Task-meaningful
groupings may be based on phase of flight, type of information, or, as
suggested throughout this veport, type of activity (planning vs,
exceution), Testing may be required to determine the most efficient
means of grouping information,

7.2 Proxinity

The second step in grouping intormation is determining how to represent a group of
information. The Gestalt Laws of pereeptual orpanization suggest that information will be
perecived as a group through proximity, similarity, continuity, and closure. The law of
proximity states that clements that are close to other clements appear as a group.
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Care must be taken, however, in locating information elements close together. Other text or
symbols close to a word prolong the time that it takes to recognize the word, especially if the
information is located near the beginning of the word (Noyes, 1980). This is true if the
relationship between the interfering information and the word is not meaningful. If the text in
front of the word to be recognized was part of a meaningful sentence incorporating the word,
search time may actually be faster.

Related Principles:
Principle 61:

Principle 62:

Relevance:

217, 28, 31
Locate related information close together in space.

Locate information that must be processed together close together in
spacc.

The need for grouping of information on the IAP chart has already been
discussed. The use of display proximity is an excellent and commonly
used mcthod of distinguishing groups. Pilots will expect related
information to be located close together. One cxample of the difficulty
of using proximity as a grouping mcchanism is the current prescntation
of frequencies and identificrs. The frequency and identifier of a
NAVAID run together with no distinctive scparation, making it morc
difficult to distinguish them. Displaying identificrs in smaller text may
help in distinguishing the two scparate words and may help promote top-
down processing of the information, while still allowing them to be
grouped together through proximity.

7.3  Similarity and Coding

The law of similarity suggests that clements that resemble each other appear as a group. This
is the basis for many coding schemes (coding is discussed in more detail in a later scction).
Color, lightness, size, and shape are all dimensions in which similar information clements can
be made visually similar, Visual similarity is often used as a method of grouping when the
information can not be located close together spatially. Using similarity as a grouping
mcchanism is subject to the following three conclusions:

several similar clements may have to be present for the similar elements
1O appeur as a group

the fewer codes that are present on any given display, the better the
Lrouping

the more dissimilar group members and non-group members are, the
better the grouping




Related principles: 7, 8, 13, 15
Principle 63: Minimize the number of codes that are used for grouping.

Relevance: The availability of color on electronic displays increases the ability to
group information based on similarity. Current IAP charts use so many
different symbols that there is very little grouping based on similarity.
Each item of information on the display appears to be different from
every other with only relations by proximity and closure (sec below)
apparent. Color coding may allow the presentation of information
spatially while still providing some level of grouping information based
on similarity of color. This makes the rclationships between picces of
information much more apparent.

74  Continuity and Closure

The law of continuity states that clements tend to be grouped in a way that minimizes abrupt
changes in visual direction. Information in a column appears in a group because there is no
change in visual direction as the cye moves down the column. Lincs or boxes around the
column may not be needed since the information itself forms a visual linc and adds to the
clutter on the display. The law of closure states that clements arranged within a closed region
arc scen as a group. A closed region need not always be continuous lings. Shading may
provide a grouping cffect without adding to display clutter. The principles of continuity and
closure arc used in the display of information in tables, Grids in tables help people to match
the information in a ccli with the appropriate row or column label. Using finer (lighter) grid-
lines than is used for information in the table may speed up the search of needed information
since it allows the matching to appropriate rows and columns while adding very littie display
clutter.

Related Principles: 23, 26, 28, 31

Principle 64: Display textual information in tabular form to take advantage of naiural
continuity.
Principlc 65: Where proximity and continuity are not enough to sigaity and group

information, usc the principle of closure.

Principle 66 Minimize the amount of extra information added to a display to youp
information through continuity or closure.

Relevance: The nced for grouping information on ETIAPS has already been discussed.
The proper use of principles of continuity and closure will ead to
organized display of information without adding display clutter.
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7.5  Consistency

Consistency is an important principle in the organization of information on displays.
Mangold et al. (1992) statc that cyc movement patterns arc influenced by pre-existing
knowledge of how charts arc organized. Consistent location of information is espccially
important when an individual can only take a single glance at the display. The effects of
expectation are especially powerful in this situation (Neisser, 1976).

Related Principles: 10, 12, 45

Relevancce: Consistent location of information reduces search time. In the current
implementation of the plan view, the information is located spatially,
with respect to carth references so it is not located consistently with
respect to the display screen. Huntley’s (1993) design incorporates a
"bricfing strip" that allows for location of important information both
spatially and consistently. Pilots arc especially susceptible to the cffects
of expectation during an instrument approach since limited time is
available for them to view the EIAP,

7.6  Layering

Information on clectronic displays also can be grouped in layers of information. Different
groups of information can be available on scparate pages or layers as a third dimension of
spatial grouping. Layering of information also may be achicved by emphasizing one group of
information while de-emphasizing another group of information on one sereen. There are two
major problems with layering information on separate screens on clectronic displays: 1)

there must be some control of the switching of layers and 2) some of the available
information is hidden at any given time. For this reason Stokes, Wickens, and Kite (1990)
suggest that, "in a realistic situation where operators must build a meatal model of a system
using relationships between and semantic propertics of symbols, methods of highlighting such
as contrasting, blinking, color switching may be beuter than removal or simplification
stratogics."

Endsley and Bolstad (1993) also provide recommendations on automatic filiering of
information suggesting that any automatic filtering should:

1 Kuep the pilot aware of the big pictare
2. Incorporate pilot into control loop
3. Avoid filtering cues which may trigyger loag term wiemory stores

They remark that filtering is not a cure all-<instead, information should be integraied wto the
uceded format,




Related Principles:

Principle 67;

Principle 68:

Relevance:

19, 20, 21, 22, 23, 24, 25, 26

Usc layering or filtering of information only if putting all the
information on one screen reduces search efficiency to an unacceptable
degree.

Use minimizing (in terms of size or brightness) over complete
climination of information as a decluttering technique.

The use of scparate EIAP pages with different information should not be
completely eliminated. Mykityshyn and Hansman (1992) studied pilots
usc of a prototypc EIAP with decluttering mechanism which allowed
maintenance or suppression of layers of information and showed that, in
general, pilots were able to use it successfully. However, other methods
of decluttering shouid be considered prior to using this method.




8. DIRECT PERCEPTION AND INTEGRATION OF INFORMATION

Onc of the most basic cognitive principles in the design of displays is to display information
so that it can be directly perceived. The meaning of the information should be immediately
obvious and should not requirc a number of mental transformations of the information.

Related Principles: 25, 54. Sce following scctions on gopulation stercotypes (8.2), cognitive
tasks (8.3), display aircraft location (8.4), and symbols (9.1).

Principle 69: Display information in its most integratcd form so that it can be directly
perecived.
Relevance: The nature of the IAP task is not very direct. According to Ritchic

(1988), pilots must depart from the conceptual framework of the primary
task and "think in clectronics.," The cognitive task analysis reveals that
the pilot must intcgrate information from a number of differcnt sources.
Much of the information, such as radio frequencics, has no inherent
meaning in flying, geography, or navigation (Ritchic, 1988). If the IAP
chart can do some of the integration of the information for the pilot so
that information can be directly perceived. the instrument approach task
could be made casier.

8.1  Symbols

Symbols should look like the objects they represent. If a symbol looks like the object it
reprasents, there is no need o memorize a coding scheme. The meaning of the object is
directly perceived. Taylor and Hopkin (1975) recomimend simple symbol forms with high
association value. Symbols that ook like objects they represent also may shovien the time it
takes for an individual to pereeive the objoct sinee familiarity decreases the time it takes o
perceive an ebject (Wickens, 1984), Tn addition, information that is provided to present a
visual image should be presented as directly as possible as that visual image. :
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Related Principles:

Principlc 70:

Principlc 71:

Relevance:

10, 11, 16

Usc symbol forms that arc highly associated with the object they
represent.

Present visual information in its most highly intcgrated form (as a
picturc of the image to be presented).

There arc a number of symbols representing objects on IAP charts. The
more a symbol looks like the object it represents, the casicer it will be to
remcmber what the symbol represents. One function of the EIAP is to
help thc pilot to set up cxpectations for what he or she will see as e
airport approachcs. These arc visual images and to the degrec possible
should be presented visually. Huntley (1993) has demonstrated this
principle ir his improved paper IAP chart by moving the runway light
acronyms to the top of the chart and adding a symbol that shows the
runway light configuration the pilot expects to sce. The pilot no longer
has to decipher the acronym and then remember what that lighting
system looks like to prepare for landing.

8.2  Population Stereoiypes

The proper use of population stercotypes also facilitates direct perception of information.
Population stercotypoes such as red for danger and blue for water are so well fearned that
perception of them is direet. Peaple already know the meaning of population stercotypes and
do not have to memorize yet another coding scheme,  Any time a population stercotype can
be used instead of some arbitrary code, pereeption will be more diveet, In contrast, if a visual
representation violates a population stercotype. perception of the information will be stowed

and errors may rosult,

Principle 72
Principle 73:

Relevasnee:

- Take advantage of comnton popelition stercotypes.

- Never violate a population stereotype.

I population stereotypes awve used properly, they can be very beneticial
to an BIAP. They may limit the aumber of vew cading schemes a pilot
s to remembeer (or look up). Care must e taken not to violate any
population stereotypes. The populatici of pilots and wany stereotypes
they miay have based on flving expericace oF other insgramentating in the
cockpit should be reviewed carctully 1. ke Aetermination of color
conding, symbols, and controls of LIAPS, in addition, population
stercotypes vary across societies, and wiemational differcices must &
voissidered.




8.3  Cognitive Tasks

Many cognitive tasks such as reasoning, decision-making, planning, and mental arithmetic
may be reduced through the use of electronic displays. Anytime the electronic display is
capable of integrating the information to be provided to the user into the form that the user
needs, the integration should be performed. This reduces cognitive clutter and workload for

the user.

Related principles:

Principle 74:

Principle 75:

Principle 76:

Relevance:

48, 49, 53, 54, 55, 58, 59

Automatically (if possible) determine the information that is relevant to a
given aircraft and situation so the pilot does not have to choose from
among 2 number of different information elements.

Perform any mental arithmetic automatically for the pilot and display
only the necessary final form of the information.

Use abbreviations or acronyms which are directly meaningful to the pilot
and do not require memorization or interpretation,

There arc a number of cognitive tasks that a pilot must perform on ihe
information provided by the IAP that can be intcgrated with an EIAP,
One example is the display of minimums in tabular form. The pilot is
required to determine his or her aircraft category and find the appropriate
minimum within the table. An EIAP provides the opportunity to
automatically (or through pre-flight input) determine the aircraft category
and display only the needed information. As another example, the
electronic chart could automatically detect the aircraft’s speed, calculate
the time to the missed approach point, and display it as a countdown
clock (that could be automatically updated as the aircraft specd changes).
Currently the pilot has to estimate his average speed, interpolate from a
table of spceds and times to get the correct time, and then monitor his.
timer. In addition, the use of acronyms which arc not familiar to the
pilot will require extra processing to determine their meaning,

84  Display Aircraft Location

Possibly the most helpful information integration that an electronic chart may be able to
provide is the display of the aircraft’s current location. O’Hare and Roscoe (1990) state that
map displays that show the position of the aircraft yield improvements in a pilot's ability to
maintain geographic . -‘cntaidon, plan complex routes, and control pesition. The pilot no
longer has to assimilate inforiation from various instrumeats to determine the aircraft’s
location in relation to the map display. In addition, the pilot is able to orient quickly to his or
her location and can casily move from that position on the map to attain needed information.
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Principle 77:

Relevance:;

Display the location of the aircraft on the EIAP.

One of the most difficult tasks involved in the instrument approach task
is keeping track of where the aircroft is located. In fact, one instructor
stated that his students did not have trouble keeping track of where they

were going; they had trouble keeping track of where they were.

Mykityshyn and Hansman (1992) tested a system that displayed real-time
aircraft location and every pilot commented that the depiction by an
aircraft symbol of the real-time position of the aircraft provided a tool

fur error reduction.




9. CODING

All displays must deal with issues of coding. Coding is the representation of informaiion
with some symbol, color, or other means. The most common method of coding 1s through
text. Language is a ccde used to represent information in our environment. According to
Thimbleby (1990) there is a well developed sense of composition (rules, etc.) for textual
interaction but there is not one for graphical interaction. One problem with text, however, is
that it often takes more space than symbols. Another prcblem with text is that some
information (such as spatial information) s more suited to a graphical display.

Williams (1966) presents a list of the some of the different methods of coding information
and the improvement in scarch time that is gained through their use:

Table 1. Mean detection time for targets in
Williams’ visual search experiment

CODING TIME (sec)
Number oulyﬁ_* v‘—ﬁ——ﬁ
{control: present in all conditions)

Shape | 20.7

Size 164

Size am(i Shape 15.8

Color 1.6

Color and Shape 71

Color and Size and shape 6.4

Color and Size 6.

Obviously, color is a great enhancer of visual search, The implications of different methods
of coding are important in the design of EIAPs since a great deal of information must be
represented. The text includes the use of acronyms which may or may not be learned to the
point that they can be directly perceived by the pilot.

9.1  Symbols/Shape

The most basic principle i svmbol design--provide symbols that directly convey the meaning
of the object they represent--has alveady been discussed.  Standardization of symbols across
other displays also will reduce memory load and facilitate fast recognition of symbolic
information. Minimizing the numbar of symbols used in any system will also reduce memory
requirements for a user. I some cases the determination of whetlier o use wxt or symbols
may be a guestion,  Pictorial reprosentations are loss disrupted by degraded viewiny
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conditions, may take up less space than text, and in many cases can be perceived at lcast as
quickly as text (Ells and Dewar, 1978). However, one must be careful not to always choose a
symbolic representation over text. If the object or meaning can not be represented directly by
a symbol and is represented by an arbitrary symbol, it will add to the pilot’s memory load.
Any introduction of ncw symbols should be cvaluated for its cffect on the centire task.

The usc of representative symbols in clectronic displays can cause difficultics because of
resolution problems. However, clectronic displays also may provide quicker access to legends
or detinitions of the object presented. For example, clectronic displays have the capability of
allowing an individual to sclect an object, then present information about that object for a

short period of time.,

Related Principles:

Pi.aciple 78;

Principle 79:

Principle 80:

Principic 81:

Relevanee:

10, 11, 16, 38,70, 71

Standardize symbols so that they arc consistent between different EIAP
designers and consistent with other cockpit displays.

Minimize the number of symbols on the display.

Evaluate cach information clement to determine if a pictorial or symbolic
represcntation accurately represents the information, If the meaning can
be made inherent in a symbol, or space constraints preclude the use of
text, use a representative symbol, if not, use a textual representation (see
section on language/text).

Provide a fast and casy method of determining the meaning of symbols.

Current paper IAP charts require pilots to memorize the most common
symbols and refer to a legend for other symbols, The design of symbols
on EIAPs will be even more important than on 1APs due to the
limitations mentioned above, Standardization and the use of an
clectronic legend niy climinate some of the problems associated with
having a great number of different symbols,

9.2  Size

Size coding may be used to emphasize information of greater importance by displaying it in a
larger size. Increased size nny be used 1o bhighlight information that is in the current “layer."
For a code expressed by size, the ideal is ao more than theee different sizes, while five sizes

is considered the maximum (Powsh 1977).
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Related Principles: 16

Principle 82: Use no more than three different sizes of symbols if size is used as a
coding mechanism.

Principle 83: Increased size makes an object more salient; therefore, objects which are
most important and necessary for the current phase of a task should have
greater size.

Principle 84: Present important textual information in a larger size than other textual
information.

Relevance: Size may be used on EIAPs to distinguish between primary and

sccondary information. If decluttering through emphasizing and de-
cmphasizing is used, distinction by differences in size would be an
appropriate tool for this.

93 Color

Pilots in a study by Mykityshyn and Hansman (1992) found that color had a decluttering
effect. It allowed them to "mentally climinate” information of less interest. "Quite modest
uscs of color may incur clutter, distraction, or delay, particularly if the color serves no
immediate purpose: but color, used appropriately, can reduce clutter and a very large number
of discriminable colors can be used to good effect, as in some computer graphics and maps”
(Hopkin, 1992). Hopkin wams that color coding has the problem of visual dominance over
other codings. Color codings arc treated as operationally significant. People will recognize
the color code of an information item before the shape or size of the item. It is important to
use color coding redundantly with other methods of coding and to use it consistently,

Hopkin (1992) states that it is important to consider aesthetics of colors since too much color
and/or garishness may draw attention to the coding and away from the information. Too
much saturation, too many colors, excessive contrast in brighiness, wiadjustable saturation or
brightess, uncoordinated colors, colors that don’t blend with other displays, and colors that
are not ueeded all lead o potential color display probloms,

The objective of color is to “improve the efficiency of information portrayal for the rasks and

to facilitate the discrimination of required information categories” (Hopkin, 1992). The
advantages of color coding include faster and more accurate performance, fewer errors and
omissions, and more controlled and diveeted search, The use of color displays may also be ,
more easily taught, teamed and vemembered.  Historically. color has been used extensively on
nps and charts,  Cartographers are familiar with and knowledpeable about color. Hopkin
(1992) suggests that "Color is essential to help to resolve cartographic information

citeporics . . "

The usctulness of color increases with increasing information density and complexity (Taylor,
1985). The usie of color should coincide with population stercotypes so it matches the
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existing expectations of pilots. There are two different sets of expectations that should be
considered when determining the color coding to be used on an electronic display of
cartographic information in the cockpit. The table below lists the two different conventions--
one for clectronic dissay of aircraft cockpit information and one for display of cartographic
information--that should be considered before determining a color scheme.

Table 2. Comparison of electronic cockpit and
cartographical color conventions

COMPARISON OF ELECTRONIC COCKPIT AND CARTOGRAPHICAL COLOR CONVENTIONS

COLOR ELECTRONIC COCKPIT CONVENTION CARTOGRAPHIC CONVENTION
(Wykes and Spinoni, 1988 in Hopkin, 1992) (Robinson, et al. 1978 in Grossman,
1992)
White Fixed. non-dynamic information Ice, high elevations
Green Positive indication or instruction and ¢ross- Vegctation
referencing of data
Red Urgent warnings or threats Important items, roads. cities, hot
Amper- Less urgent warnings or threats Dryness, medium temperature, medium
Yellow/Tan elevation, lack of vegetation
Biue Area fill and display siructuring Watcr, sky, cool
Cyan Visual separability

Brown Pictorial represemtation of ground Land, mountains, warm




Principle 85:

Principle 86:

Principlc 87:

Principlc 88:
Principlc 89:
Principle 90:
Principle 91;
Principle Y2:
Principlc 93:

Relevance:

Related Principles:

15, 16, 22. Sec also Hennessy, Hutchins, and Cicinelli (1990),
compilation of 74 guidelines for the use of color on ¢lectronic display.

Use color consistently throughout the EIAP.

Use color codes that are consistent with existing standards of either
cockpit electronic displays or topographical conventions.

Minimize the number of color codes used. For casual uscrs or when
color is used for absolutc discrimination, limit the number of colors io
four. For experienced, long-term users or when color is used for
comparison, up to scven colors may be used (Hennessy ct al., 1990).

Maximize the usc of display colors low in purity (c.g., pink, cyan,
magenta, and ycllow) (Hennessy et al,, 1990),

As the number of colors increases, increase the size of the color coded
objects (Hennessy ct al., 1990).

When fast responses are necded, use highly saturated colors (c.g.. red or
blue) rather than ycllow (Henncssy ct al., 1990).

Use color codes that are redundant with other codes (such as shape or
text).

Always code alphanumeric information in red, yellow, or white, and
confine light bluc to large background arcas (Hennessy et al.. 1990),

Use colors that arc maximally discriminable (40 uaits in the 1976 CIE
LUV space)(Henuessy ct al.. 1990).

The usefulness of color in complex, high information density displays
makes it potentially beneficial tor use on EIAPs, The proper use of
color has the ability to declutier and speed visual search, The use of
color on BIAPs may make up tor the lack of resolution provided by
electronie charts,

94  Other Methods

Electronic displays provide designers with the opportunity to use other methods of coding
such as highlighting (or bolding}, reverse video, and blinking., These methods of coding
should be used sparingly since they may slow dowa a pilot’s ability to retrieve uniighlighted
material, Novel, unexpected stimuli are best used for warnings or cantions sinee they both
draw attention 10 themselves aid are woll emembered (Bysenck, 1984),




Relatcd principles:

Principle 94:

Principle 95:

Relevance:

15, 16, 22

Use other methods of highlighting such as bolding, reverse video, and
blinking sparingly (possibly only for warnings and cautions).

If these methods of highlighting are used for warnings or cautions,
provide the pilot with the ability to turn them off.

It may be possible to provide pilots with the ability to highlight a group
of information that is currently in use by adding a little brightness (or by
dimming current information that is not in use) as a decluttering
mechanism. This may provide a "layering" of information. Any method
of grouping information such as this should have a very easy control and
should also provide a simple control to return the display to its original
state.
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10. DISPLAY OF TERRAIN INFORMATION

The information that has been presented in this report has a number of implications for the
display of terrain information. In general, terrain information is spatial information and, for
that reason, a spatial display that provides pilots with a direct comparison of the aititude of
the aircraft and the clevation of terrain would be the most integrated display of terrain. This
suggests that rather than displaying terrain in a plan view (bird’s eye view of the ground), it
may be more appropriate to display terrain in a profile view that provides a visual
representation of altitude. A profile view that displayed terrain information would also have
to display the vertical location of the aircraft and would be required to be dynamic so that the
display of terrain was always current with the location of the plane.

If current, dynamic profilc clevation information is unavailable, color may be an ideal coding
mechanism for the display of terrain. Current methods of displaying terrain information on
papcr maps with contour lines or with gradually changing colors also provide some
integrution of terrain information. Some of these methods should be attempted on clectronic
displays to detcrminc their fcasibility.

Research on decision-making and rcasoning suggests that humans will only look to one or
two sources of information. If tcrrain is presented in scveral different ways (currently
through spot clevations, minimum sector altitudes, step-down minimums, and ATC
minimums), pilots arc likely to consider only one or two of the sources. It makes scnsc, then,
to determine which source provides the most accurate and comprehensive terrain information
and climinate other sources so that pilots do not place too much emphasis on the wrong
source or ignore the best source of information, Friend (1988) complains that the presence of
spot clevations and obstacles may lead pilots into believing the obstacles shown are the only
obstacles in the approach arca. Indecd, pilots are pronc to rely too much on such
information. Pilots will do the same with terrain information provided to them by ATC (this
is the most likely source they will use since it is prominently displayed and they are not
required to scarch for it). This explains Kuchar and Hansman's (1992) results in which pilots
avoided terrain only 3 of 52 times when given erroncous veetors by ATC.




Principle 96:

Principle 97:

Principle 98:

Relevance:

Related principles:

69

Choose the one or two most accurate and comprehensive methods of
displaying terrain on the EIAP and eliminate all others.

Consider displaying terrain information visually in a dynamic profile
view (the utility of this principle may not be realized until three-
dimensional displays are available).

Be sure that all terrain information is always accurate.

There is considerable discussion about the display of terrain on EIAPs,
In detcrmining the best method to display terrain, the purpose of the
display must first be determined. If the terrain is to be displayed to give
the pilot a general feel for the surrounding terrain, then it should be
displayed visually or graphically through the use of color or contour
lines or even an actual scaled depiction of the terrain in a vertical
dimension. Obstacles which may provide visual reference should be
shown with a representative symbol. If the reason for providing the
information is to give the pilot a minimum altitude that he or she must
not go below (for collision avoidance--with terrain or other aircraft--or
obstacles) then an actual minimum should be provided. This information
may also be color coded but should be standardized throughout all
cockpit clevation displays (for cxample if blue is to indicate 5000--10000
feet then altimeters should also show a blue bar in the range of 5000--
10000 feet). Whatever method is chosen, it must be understood that
pilots will usc the information that is most casily accessible and will rely
on it solely unless torced to do otherwise (through procedures,
checklists, or some other means).




11, LANGUAGE CONSIDERATIONS

Hawkins (1987) provides several recommendations for the use of language on displays. he
suggests that shorter and more familiar words will be understood more quickly and casily.
Shorter sentences (less than 20 words is best) are preferred over longer sentences. Careful
attention should be paid to the meaning of sentences. Sentences should be arranged for
correct understanding and should not allow any ambiguity. In general, pcople respond to and
understand positive, active language morc easily than negative, passive language. Onc other
consideration is the use of acronyms and abbreviations. Acronyms and abbreviations should
be used minimally since they often require more processing to understand their meaning.

Prinziple 99:

Relevance:

Principle 100:
Principle 101:

Principle 102:

Verify that scntences or phrases are clear and unambiguous.
Use short and familiar words whenever possible.

Use the active voice and positive statcments.

Limit thc usc of acronyms and abbreviations.

The usc of Janguage on EIAPs will probably be limited to short phrases,
words, acronyms, and abbreviations. It is important to make cach of
these as meaningful and unambiguous as possible, even it this requires a
short phrase instead of just onc word. Paper 1APs currently ase many
acronyms and abbreviations. Some acronyms and abbreviations arc
immediately understood by pilots since they are frequently used. In fact,
for some acronyms pilots may know only the acronym and not the
original phrase it vopresents. In those cascs, the use of acronyms N
preferred.
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12, DYNAMIC DISPLAYS
12.1 North Up vs. Track Up

Onc of the issucs involved in the use of dynamic geographic displays is the choice of
reference frame for the display. Based on the principle of integration of information it is
suggested that a display providing a reference frame that is track up, (cgo-centered) may be
preferred to a display that providing a north up or world-centered reference frame. Such a
display would not requirc any mental rotation of information to the refercnce frame of the
individual. However, there are a number of other issucs that should be considered before
choosing to use an ego-centercd, track-up reference frame.

Stokes, Wickens, and Kite (1990) statc that there are three principles that should influence the
choice of reference frames:

Constancy of Reference Frames: The choice of reference frame should
remain constant. Inconsistent reference frames may lead to errors.

. The Principle of the Moving Fart: The choice of reference frame
should be such that the part that the user perceives as moving should be
the part that actually moves. For navigational displays, this suggests
that the initial turn of the aircraft should be reflected by rotation of the
aircraft symbol in the dircction of the turn rather than rotation of map in
opposite direction, The cffectivencss of onc over the other may be a
function of complexity of path.

. Principle of Frequency Separation: Roscoe (1980) suggests the use of a
“fraquoncy separated” display. This display shows the conventional
moving horizon in conjunction with an indication of roll rate and
acceleration with the aireraft symbol.

Aretz (1992) proposed another integrated technique. The “visual momentum" webnigue
provides a wedge on a north-up map that indicates the area which is within the pilots ego-
centered view. : :

Other researchiers soggest that the movement of the display should be determined by the type
of task involved., Track-up displays may be better for pavigation, tasks that reguire route
knowledge, or for use when one is lost (Aretz. 1991). North-up displays may be beuter for a
greater varicty of tasks including plansning (Harwood, 1989).




Related Principles:  §, 3, 69, 77

Principle 103: Maintain a consistent reference frame within the EIAP.
Principle 104: Provide a north-up reference frame for planning purposes.
Relevance: The instrument approach task requires survey knowledge during the

planning part of the task, and route knowledge during the exccution of
the task. This would indicate that a North-up map showing real-time
aircraft position would be best for planning of the task. During actual
exccution of the task, either a route list (an ordered list of specific
information), or a track-up display would be recommended. Since
consistency of reference frame is required, a north-up display that shows
rcal-time aircraft position (possibly utilizing Arctz’s (1991) visual
momentum tcchnique) is recommended (this coincides with Mykityshyn
and Hansman’s (1992) results that pilots preferred this type of display
over a track-up display). If a track-up display is used for the exccution
of the task, it is important that this display and a north-up planning
display be distinctively different (different shape, size, color of
background) so that there is no likelihood that a pilot will confusc the
two displays. A route list of exccution information is preferred for this
situation.

12.2  Pilot Control of Displays

A number of issues related to pilot control of displays already have been discussed.
Decluttering techniques were discussed in the section on Layering. Eadsley and Bolstad
(1993) suggested that dechuttering should be under pilot control. The instrument approach
task is so complex and sitwation dependent that it would be irmpossible to predict what
information a pilot needs at any given time. "The decision to allow a pilot to choose what
and how much informadion should be displayed o a particular panel may well decrease
visual workload, but it may impose vawanted workload costs on two other pilor resources:
those refated © memory and 1o responses” (Stokes and Wickens, T988) The pilot must now
rewember what is not being displaved and how to obta it Also, continuous display of
information acts as a reminder that it must be inspected, this remindor may be climinated if
the pilot is allowed to configure the display. For these reasons, if it is possible, the display of
information should be limited to one sireen (with potential decluttering through highlighting
or minimizing as discussed). However, since electronice displays do not have the resolution
available on paper, it may be necessary t display 1AP information on separate screens. I
this is the case, basic design priveiples related w0 controls and actions must be followed,

Thimbleby (1990) states that reducing the number of controls may make an interface look
more simple, but if this requires functicns to be hidden, then it is acwally more difficult. For
a display in which speed and ease of sclection is required, it is important that all u»mnk. be
visible and simple to operate.




Related Principles:
Principle 105:

Principle 106:

Principle 107:

Principle 108:

Relevance:

67, 68
If possible, display all information on one screen.

Provide decluttering techniques that do not remove information
completely.

I{ information is present on more than onc screen, make visible the
control to switch screens.

A cue to what information is on hidden screcns should be present at all
times.

There is a possibility that EIAPs will require that information be
displaycd on more than one screen.  The method to retricve othier screens
(including such screens as legends) should be visible and obvious.
Touchscreen buttons with meaningful labels is an cxample of an casy
and visible control, Controls for potential decluttering mechanisms are
subject to the same principles,

63/64




13. CONCLUSIONS AND RECOMMENDATIONS

This paper presents forty-six cognitive issues and 108 design principles and provides a
general introduction to the field of cognitive psychology and the application of well
researched cognitive issues to the design of EIAP displays. However, the principles are based
on general research literature and have not been validated within the specific domain of EIAP
design. Therc may be unknown or unexpected inieractions among many of the design
principles. For this reason, these principles should not be followed to the letter by designers
of EIAPs without further validation.

The ultimate goal of this project is to create a handbook to be used by designers and cestifiers
of EIAPs. While this paper provides a comprehensive research base from which to create
such a handbook, further steps are required to design an easy-to-use handbook for designers
and certifiers. First, the information in this paper must be incorporated with current research
in the area of human-computer interaction to organize information in a manner that is useful
to designers, i.c., by design features. Bascd on the information in this document the
following major design issues requirc more specific design guidelines with pictorial examples
of those guidelines:

Symbol Design: Discussions dealing with memory, visual scarch,
pattern recognition, attention, direct perception of information, and
coding all point to the need for good symbol design on EIAPs.

Grouping and Coding of Information: Morc specific pictorial
cxamples are needed to demonstrate grouping and coding principles.
Information available on pilots’ information requircments and
information currcntly being gathered at NASA-Langley (Ricks and
Rogers, 1993) on pilots’ concepts of grouping the information should be
uscd in these cxamplcs.

Orientation of Information: A number of design issucs related to the
oricntation and scaling of information must be addresscd.

Control of Clutter: This document has suggested a number of mcthods
of controlling clutter. The use of layering, highlighting, or zocoming
introduces design difficultics that may require specitfic guidelines.

Pilot Control of Functions: Thc usc of functions on an EIAP such as
thosc mentioned in the control of clutter will require pilot control.
More specific methods of sclection of information on an EIAP must be
presented (with pictorial examples) and guidelines must be made
available for their usc.
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Design for Planning: Pilots’ use of the 1AP for planning purposes has
been made clear throughout this research. Examples of displays that
provide good planning design are needed for clear uncerstanding of
design guidelines.

. Minimizing Errors: Mcthods of minimizing errors such as providing
sequence reminders must be investigated. ‘

Minimizing Effects of Interruptions: The effects of interruptions is a
major issuc in EIAP design. Methods of minimizing thesc cffects must
also be investigated.

. Integrating Information: Examplcs showing the differences between
integrated and non-integrated information should be presented to
designers. Current paper charts should be reviewed at cvery opportunity
to intcgratc information. The display of thc aircraft location on the
chart must be investigated in more dctail to provide truc design
guidclines,

Display of Terrain Information: Spccific guidelines related to the
display of terrain information should be rescarched and provided to
designers, Issucs such as decluttering by removing terrain information
must be addressed.

The next phase of this project will address these and many other specific design issucs.,
Speceific guidelines that designers and certifiers can use will be provided along with pictorial
examples for their use. Early and comprchensive rescarch into these issucs will provide
designers and certificrs with the tools necded to create safc and usable clectronic instrument
approach procedures,
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1. INTRODUCTION

As a first step in the development of a Cognitive Handbook for the Design of Electronic Displays
of Instrument Approach Procedure (IAP) Charts, the current practices and operational
requirements of the instrument approach task are reviewed. In order to identify the cognitive
issues that are pertinent to the design of electronic IAP charts, it is nccessary to have a thorough
understanding of the task that the charts are designed to facilitate. This knowledge can be gained
in the following ways:

Review the current design of IAP charts
Review instrument flight training manuals and videos
Talk with pilots and perform instrument approaches on simulators
Review articles written by pilots about instrument approaches and IAP
charts
Review rescarch on potential improvements to current IAP charts (both
paper and clectronic)

. Review rescarch on the information requircments of the instrument
approach task

. Perform a Cognitive Task Analysis of the instrument approach task
Ride jumpseat in aircraft that are making instrument landings

This document provides a summary of the information abtained through completion of the above
tasks, and points out cognitive implications that have been identified during the collection of this
information,




2. COGNITIVE TASK ANALYSIS

Several methods of Cognitive Task Analysis were reviewed to determine the most appropriate
method for the instrument approach task. All of the methods involve some type of verbal
protocol or structured intcrview to clicit knowledge from experts. For a complex task such as the
IAP uscr’s task. rescarchers (Redding, Cannon, Licrman, Ryder, Purcell, and Scamster, 1991 and
Shlager, Mcans, and Roth, 1990) have vidcotaped the experts performing the task and then
clicited information from the cxperts while viewing the videotapes. Several rescarchers (Redding
ct al., 1991, Thordsen, 1991, and Gordon, Schmierer, and Gill, 1993) have demonstrated that
creating a graphical representation of concepts, goals, and actions following an initial interview
helps in eliciting further knowledge from experts. Thordsen (1991) also suggested that, after
acquiring task knowledge from cxperts and crcating a graphical representation, asking cxperts to
describe a critical incident allows the rescarcher to get an overview of the normal situation while
also sccing how unusual situations fit into the graphical representation.

A composite of these methods was used in analyzing the instrument approach task. Various
sources such as instrument rating manuals and instrument training videos were reviewed to
understand how the task is described to novices, Interviews with subject matter experts (SME)
(mostly general aviation) were conducted. Simulations of the task were run, observed, and
discussed with an SME, Literature on the information requirements of the approach task was
also reviewed.  An attempt was made to use the Gordon et al. (1993) methodology to create a
Conceptual Graph Structure of the instrument approach task.  Although ditticulties were
encountered in following this methodology (the methodology and results are presented in Section
10), the knowledge gained through the exercise added a great deal to the following discussion,
The results of the total eftort are presented below as a deseription of the instrument approach
task, a discussion of the many factors which attect the task, and a discussion of the information
requirements of the task,

tJ
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3. THE INSTRUMENT APPROACH TASK

An instrument approach procedure is required any time a pilot must make a landing in conditions
which prohibit visual navigation to the airport. Often instrument approach procedures are used as
a navigation aid even when visual navigation is possible.

The instrument approach task actually begins when the pilot is constructing his or her flight plan.
At this time the pilot reviews the weather conditions at the departure site, en route, at the landing
sitc, and at an alternate landing site. The pilot will review the different instrument approach
proccdures available at the landing sitc and at an alternate. The pilot also will consider the
terrain around the departure site, the landing site, and the alternate. The pilot may select a
Standard Instrument Departure (SID) and may review the Standard Terminal Armival Routes
(STAR) to determine which arrival route to the approach he or she will be foliowing. The pilot
also will be planning the flight route, climb, descent, and fucl consumption.

A great deal of prior knowledge is required in the planning and flying of an instrument flight.
The pilot must be familiar with navigation and the Instrument Flight Rules (IFR), This includes
the knowledge of Air Traffic Control (ATC)--what to cxpect from an Air Traffic Controller,
when to expect it, and how to respond. The pilot must also be familiar with the various
NAVAIDs to be used along the route and during the approach to landing. These NAVAIDs
include VHF/UHF communications, very high frequency omnidirectional range (VOR) stations,
distance measuring cquipment (DME), instrumeit landing systems (ILS), automatic dircction
finders (ADF), marker beacons, flight management systems (FMS), automatic communication and
reporting systems (ACARS), satcllite communications (SATCOM), and global network satellitc
system (GNSS). The pilot must know how cach system works, how to control the avionics
associated with the system, and how to interpret the cockpit displays pertaining to these systems,
The systems a pilot must be familiar with will be dependent on the aireraft snd its cquipment and
the approaches the pilot plans to fly.

When the pilot is ready to take off, he or she will follow the instructions provided on an SID if
instrument departures are available for the departing airport, or he or she will follow sprecific
instructions provided by ATC. The pilot then flies oward the selected destination. When the
pilot nears the destination and is ready to prepare for desceat, the pilet sets up the approach,
Lach pilot may prepare tor the approach by perforiming actions in a shightly different order, and
will perform these actions as opportunity periits. The actions that a pilot should perform during
this preapproach phase are as follows:

. When in close cnough range t2 receive automatic terminal information service
(ATIS) (F it is available). wae one of the radios 1o the ATIS frequency (provided
oi the approach plate for the airport) to receive up-to-date airport information--
weitther (winds and visibility), the active runway, the approaches in progress, the
ATIS information designator cude, and any other pertinent information.

. Once you kinow the probable approach proceduie, select an appiopriatc STAR und
IAP,
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. Usc the information provided by ATIS on the winds and visibility and the
information on the IAP chart to compute the landing speed, approach times, and
approach and missed approach power scttings.

. Review the IAP to become familiar with the approach in progress. This includes
planning the approach and becoming familiar with the airport and surrounding
arca.

. If applicable, bricf the crew on the approach procedure,

. Exccute the descent checklist.

. Usc information from the appropriatc approach platc to pretune communication and

navigation radios.

. Revicw the fucl state.
. Listen to the radio to icarn tratfic flow, weather and probable speed restrictions.

If the flight is a commercial tlight, comply with company radio arrival procedurcs.

, Communicate with ATC--statc intentions, state information designator of last
review of ATIS, and lisicn to, repeat, and state intentions to comply (or ot aud
why) with instructions, The ATC may announce that the approuch has changed
and requine that many of the above actions be repeaied.

While the above actions are being performed. the pilet has also been flying the aireraft--
maintaining attitude, altitude (descending), and headiag toward the final destination,  Eveatually,
control of the atrerait will b handed from center to approach contol. At this time, the pilot will
be navigating the aireraft toward the initial approach fix by means of NAVAIDs through
published approach provedures and onboard avionics or by vadar vectors provided by ATC, The
pilot will be controlling speed as requised by aiveradt performance limits, speed restrictions set by
ATC, concern for pussenger comtort, and intentions tiled in the flight plan,

Any time ater wic hundoft from Center 10 Approach Control, the aircralt may be () cleared for
the approach or (b) cleared to a fix (clearance limit) short of the airport of intended landing, told
to hold, and told when o expeet Tusther clearanee. T general, if the aireraft is not cleared tor
the approach, soime of the following tasks should be performed, as appropriate, to the clearance
limit fix; i the aircralt is cleared for the approach, all of these tasks must be performed:

. Navigate 1o initial approach fix identificd on IAP chart (or fly specilicd veetors),
. Intercept and fly inbound course {ur curved path) identificd on JAP chant,
. Intercept and 1y descent profile specitied on JAP cluart (won-precision approach) or

elide slope (precision approach).
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Configure aircraft for landing--adjust landing gear, flaps, spoilers, lights, airspecd.
Execute landing checklist.

Reconfirm minimum descent altitude (MDA) (iion-precision approach) or decision
height (DH) (precision approach) specified on IAP chart.

Review misscd approach procedures, especially the initial pull-up and course
instructions.

Reconfirm winds and aircraft performance limits.
Contact tower ATC and reccive landing clearance.

Acquire visual contact with the runway cnvironment at or beforc DH or MDA,
then continug to land or perform a missed approach,

If landing--flarc aircraft, reduce thrust, reverse thrust, deploy spoilers, brake as
required, tum off the active runway and taxi to gate or parking.

If visual contact is not acquired, exceute missed approach--add ¢limb power, pull-
up. turn to missed approach heading. When clear of rurway, retract landing gear,
apply flap schedule, follow missed approach course and altitude instructions,

Navigate to missed approach fix. Enter holding pattern or proceed as directed 10
~ another approach attempt, holding, or exceute flight plan to alternate.




4. FACTORS THAT AFFECT THE INSTRUMENT APPROACH TASK

The description of the instrument approach task provided above is very general. It is .mpossible
to provide a specific description of an approach task without identifying the many factors that
affect the task. Factors such as aircraft type, weather conditions, pilot differences, and many
others make the task uniquely different for every pilot, aircraft, airport, and given day or time.

4.1  Approach Type

Different types of approaches have different information requirements and different levels of
difficulty. For example, a precision (ILS) approach allows the pilot to monitor a glide slope
display to maintain altitude requirements. This frecs the pilot from having to refer to the
approach plate for stcpdown altitudes and from having to determine distance from the Localizer
(through a DME or by monitoring the passage of time). The pilot only has to "center the
needles" (localizer and glide slope). watch for the airport and watch for his altitude to reach the
decision height, While this is not an casy task (centering the needles is easier said than done), it
is less difficult than the mental gymnastics that may be required when performing an NDB
approach that uses vector intcerscctions as fixes.

4.2  Approach Complexity

Within each approach type there are also varying levels of complexity. Intersecting and flying a
DME arc may be more difficult than a procedurc tum. A course reversal in a holding pattern is
another complex approach. Different approaches also will lead to different kinds of complexity.
For example, in an ADF procedure the pilot must cognitively account for wind. Thercfore, a
radar vector to a final approach may scem simpler; however, following a radar vector provided
by ATC makes it more difficult for a pilot to maintain situational awarencss.

4,3  Number of Pilots

A single pilot will have to perform all of the actions involved in the approach task whercas in a
dual pilot situation some of the workload may be shared. In a dual pilot situation, additional
tasks such as communication and coordination between pilots may make the task very different
from the single pilot’s task,

44 Weather

Because instrument approaches are performed when visibility is poor, it is common for the
approaches to coincide with poor weather, High winds, turbulence, wind shear, icing, and storms
all make the instrument approach task more difficult by increasing the number of things the pilots
h-ve to attend to, and thereby increasing workload. In most of these cases the task is made more
difficult because the task of tlying the airplane is more demanding and pilots have less time to
con¢ ntratc on approach information,

Weather also can alter how the approach is planned, or even whether or not the cleared approach
can be accepted. For example. if 4 sloping ceiling (higher on the approach than at the airport) is
reported on a non-precision approach, the pilot may decide to step down to MDA rather quickly
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after passing the final approach fix, then level out (as opposed to a gradual descent,
approximating a glide slope which would be more comfortable for passengers). The crosswind
component and reported braking action (wet or icy conditions) influence whether or not a given
runway can be accepted. The approach lighting and touchdowr zone configurations become
particularly important in very low visibility conditions since they may be a pilot’s first visual
cues.

45 Time of Day

Many instrument approaches are flown at night, when it is difficult to read information inside the
cockpit. Instrument approaches during the day also can affect the instrument approach task since
weather conditions may cause the cockpit to be overly bright or subject to glare.

4.6  Air Traffic and ATC Instructions

The amount and type of air traffic can also negatively affect the instrument approach task. In
addition to adding more things for the pilot to worry about, it may also cause an increase in Air
Traffic Control workload. This may increase the likelihood of an ATC mistake and make it more
difficult for the pilot to communicate with ATC,

ATC is also likely to place speed restrictions or demands (usually requiring a pilot to fly at a
speed which is higher than optimum) which affect the difficulty of th task. At a faster than
optimum speed the pilot has less time to prepare for the approach and is required to fly the
approach with his or her aircraft in a less familiar configuration. Ultimately, it is the pilot’s
choice to deny such ATC requests. Unfortunately, less experienced piiots may lack the
confidence to deny ATC instruction and they arc the pilots who arc most at risk in this situation,

4.7  Avionics Suites

The avionics suite in the aircraft influences the task difficulty, and workload, and may intcract
with IAP design. At the low end of complexity there are single pilot, general aviation aireraft in
the ATC system; at the high end arc the "Glass cockpit" aircraft that arc cquipped with state-of-
thc-art avionics. Most aircraft that will usc electronic IAP displays would probably be equipped
with a modern, redundant Nav-Comm suitc {including HSI), autopilot, and probably color radar.
At the low cnd, the avionics might be operated manually, perhaps with a low-cost Flight
Management System (FMS); at the high end, dual FMSs would be standard cquipment. The
EMS usually is programmed with the full flight plan from takeoff to touchdown. This is donc
manually in many systems today, but in the near future, the programming (vertical and horizontal
navigation from the beginning of flight to landing) will be loaded via Datalink and/or Gatclink.

The complexity of the avionics suitc may influence IAP chart design in at lcast two ways: first,
in a rclatively manual low-end aircraft, data will be derived from the IAP chart by the pilot and
commiteed to memory, written, or stored somewhere convenient, such as on take-off or landing
data cards, rcference bugs on various instruments, altitude alert controls, and even on unused
radio frequency displays. Thus the pilot has to cxtract the information, classify it, store it for
immediate or future usc, and remember where it is stored. Thus, the sequencing and arrangement
of information on an clectronic 1AP chart is important for convenient retricval at the proper times
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during the descent and landing. It may also be possible for a properly designed IAP chart to
reduce the requirement for transfer of data to the other places (memory, cards, bugs, etc.) for
quick usc later.

Sccond, at the high, completely automated end, much of the IAP critical information (frequencics,
courses, waypoints, distances, aircraft performance assumptions, and so forth) would be
programmed into the FMS, and some of these data would be displayed on cockpit CRTs.
Linkages, however, among the various flight controf and display systems and clectronic IAP
charts have not been standardized as yet, thus, it is not known whether IAP data would be
clectronically transferrable to the Nav-Comm radios and associated displays, or might have to be
manually cntered if the flight plan stored in the FMS is altered.

Although cognitive demands on the pilot may be reduced by FMS automation, such systems
today are difficult to reprogram if therc arc any changes in the flight plan, and changes in the
initial flight plan arc an everyday occurrence. Morcover, the more automated the avionics suite
and the more functional capability it has (witness all of the current generation glass cockpit
aircraft), the morc demanding is the system operation. There may actually be too many system
configuration altcrnatives. From a cockpit system design viewpoint, automation may simply trade
off one kind of cognitive complexity (plan ahcad and remember data) for another (plan ahcad and
remember how to access the data and/or make changes). The full nature of this trade-off is not
yct known (Wicner, 1988).

4.8 Company Operations Policies

Each company that is involved in commercial aviation has standard opcrating procedures and
policics that may or may not diffcr from thosc of another company. Policics and procedures are
dictated by company philosophy, cconomics, and route structurc. The cquipment that air carricrs
sclect depends on their route structures, expeeted loads, revenuces, and geography. Short haul
operators can cxpect to spend a :ot of time in traffic patterns, and long-haul operators spend a lot
of time at cruisc and comparatively little time in traffic patterns.

If FMS reprogramming is a probicm, then one would expeet such systems to be more attractive
to long haul operators than short haul operators; thus the need for the IAP chart to provide
backup information to a preprogrammed FMS might vary, but the fundamental information on the
IAP probably is the same for these two example situations. What is different is the workload of
the pilots over the cntire duration of the flight; hence the design and configuration of an
clectronic IAP must carcfully consider the cockpit activity throughout the flight, and must insurc
that the workload associated with clectronic IAP manipulation docs not add materially to an
alrcady high workload in the cockpit.

The logistics of updating clectronic IAP data might vary from operator to operator as a function
of how such a system is implcmented. For cxample, onc air carrier has said that if it has an ELS
(with IAP data on it), the aircraft would rcquest ELS data from a ground computer and the
required data would be uplinked to the aircraft ~ilots would have to check such data for accuracy
and completencss. For other carricrs, the data would be contained on cach aircrafty in this case
when the last update was made for any given procedure would become an important clemer:t of
information for the pilot to verity at the beginning of a flight.
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Regardless of source, the validity and completeness of the IAP data, along with the airport and
runway identifiers (an indication that the displayed chart is the latest available update) become
important parameters for pilots to remember and check prior to each use.

4.9 Maintenance Status

The needs for information and the way it is portrayed might vary with the maintenance status of
the aircraft. Obviously, if there is an avionics electrical failure or the aircraft looses a primary
power source or bus, full capability might not be possible. The IAP charts must portray
information needed in such degraded cases, perhaps alternate approaches and redundant facilities.
If fuel is low, it mioht be useful to know the locations of nearby airports. If an engine has been
lost, obstacles and minimum terrain clearance altitudes could become more important than when
operations ar¢ more normal.

4.10 Aircraft Performance Characteristics

Aircraft performance characteristics play a role in the use of IAPs. In general, as aircraft speed
incr-eg, it takes longer and requires a larger radius to turn, more space is requircd to descend,
and ic.. time is available to traverse a given distance; this requires the pilot to plan the flight
further and further "ahead" of the aircraft. The more complex the aircraft, the more things have
to be done prior to descent, and prior to landing during descent.

Even in low performance aircraft, pilots tend to plan well ahead of the aircraft; for example, most
pilois study expected approach plates during low workload cruise scgmeiies, and plan how they
are going to execute the descent and approach, how they are going to sequence the Navigation
and Communication radios, and what facilities they arc going to use to cross-check the validity of
navigation data. So if STARS, approach charts, and SIDS are to be automatically sequenced,
there will be a need for look ahead and browsce foatures for pilots to plan descents and
approaches to stay well ahcad of tho aircraft.

4.11 Geography, Topography, Culture

Surrounding terrain makes a difference in what a pilot pays attention to and how he or she
operates the aircraft. High terrain is important to the pilot in mountainous country, and obstacles
arc important when being radar vectored. Controllers have vegtored aircraft into mountains (in
Los Angeles). Terrain and obstruction clcarance is assurcd only within short latcral distances
from the charged course (track) centerline, Published minimum en route altitudes arc not always
the same as minimum vectoring altitudes (not shown on navigation charts) or minimum obstacle
clearance altitudes. Thercfore, terrain and obstacle clearance becomes cven more important when
pilots arc radar vectored. :

Toth topography (mountains, lakes, and so forth) and cultural featurcs can be of value in
nting the pilot and generating cxpectations of what will be scen when breaking out of the
-uds or ncaring the ground in a low visibility approach. For example, the cdges of a city could
tell the pilot where to start expecting city lights. Approach light configurations and airport
building, runway, and taxiway layouts arc obviously impotaat, ¢specially when there are multiple
runways in the same direction, or multiple airports ncarby with similar runway dircctions.
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Aberrations do occur. For example, at Orlando Herdon (Executive) airport, the East-West
tollway lights are easily mistaken for runway lights at night and in low visibility. The illusion is
so compelling that the approach plate has a waming about it. Another documented illusion is
that of being too high if the runway is on an up-slope, and being too low if the runway is on the
down-slopc. Also, black holes caused by dark bodies of water on the approach end of the
runway have been demonstrated to cause vertical flight path illusions. Where necessary,
approach plates should mention such perceptual phenomena.
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5. INFORMATION REQUIREMENTS OF THE INSTRUMENT APPROACH TASK

Current IAP charts are so cluttered with information that it is necessary to determine if all of the
information currently provided is required for the task. A determination of the importance and
frequency of use of the information displayed on charis also will help in the design of future IAP
charts. Several researchers (Blanchard, 1991; Boeing, 1991a; Boeing, 1991b; International Air
Transport Association, 1975; Mykityshyn and Hansman, 1992, Ricks, Jonsson, and Rogers, 1993)
have studied the information requirements of the IAP task. Insight into the information
requirements of the task was also provided by cognitive task analysis.

A review of the literature on IAP information requirements indicates that the information required
is highly dependent on the situation (Boeing, 1991a) and that pilots have a great deal of trouble
identifying information items for removal from the charts (Blanchard, 1991). Ricks, Jonsson, and
Rogers (1993) have shown that pilots acquire information from approach plates 42 percent morc
often in a non-precision approach than in a precision approach. He h=s also shown that 18
percent more information was acquired in vectored scenarios than non-vectored scenarios.

Becausc cach of the researchers used different methods and different scenarios in determining
information requirements, the results were varied. For example, since Mykityshyn and
Hansman’s (1992) study looked at information requirements through three phases of flight, the
missed approach information was naturally most important in thc missed approach phase. In
contrast, Boeing used a scenario for their subjective analysis that did not incorporate a missed
approach. Therefore, missed approach information was rated very low in importance. Howcever,
three conclusions can be drawn:

1, Pilots would prefer to continue to have all of the information currently displayed
on IAP charts (with the possiblc exception of obstacles). Although they may not
use all of the information for every approach, there are situations in which they
would like to have all of it.

2, Pilots’ information nceds change throughout the approach task.

3. There is cvidence from different experiments to indicate that there may be some
corc group of information items which can be identificd as most important in the
instrument approach task (Hofer, 1993).

The information gained through the cognitive task analysis provides some explanation and
claboration of these conclusions, Most importantly, the cognitive task analysis revealed that the
information on IAP charts is used in two distinctly diffcrent ways:

1, The IAP chart is used as a reference which provides specific picces of information
which arc rcad off the chart and used immediately. For cxample, a pilot will read
a communication frequency off the chart and then immediately tune the radio to
that frequency. The same is truc of NAVAID frequencics. Pilots also may usc
MDAES in the same way--read the altitude and then set a bug (marker) on the
altimeter for that altitude.




2, The IAP chart also is used for pianning purposes. During the descent or
preapproach phase, the pilot will review the chart and plan the approach. The pilot
will look at all of the NAVAIDs available for the approach to decide which
NAVAID frequency to tune into which receiver so that in the end the primary (or
possibly some other) NAVAID is tuned into the number one receiver. The pilot
may decide to tune another NAVAID as a double check for the primary. The pilot
also will look at terrain information (if the area is unfamiliar) to co..struct a mental
picture of the terrain surrounding the airport, especially in the missed approach
arca. The pilot will look at the airport layout and runway light configurations to
form a mental picture of what to look for as the approach is made.

The second manner of using IAP charts sheds some light on the above conclusion that pilots do
not want to give up any of the current information provided on IAP charts. Although they may
not usc all of the data specifically to perform some action, they do use it to help pian ahcad and
to develop some expectations for the approach. The valuc of this information is not casily
measurcd; however, cognitive psychologists know that having the correct expectations can make a
large difference in j.crformance of pereeptual tasks.

The task analysis also reveals the way in which pilot information requirements change throughout
thc approach, Most of the information on the approach chart is uscd during the descent or
prcapproach phasc. Certainly the information that is uscd for planning purposcs is uscd during
this time. The pilot also will make the initial communication and NAVAID frequency scttings at
this time, Later in the approach (moest likcly during the initial approach phasc) the pilot may
refer to the approach plate to change these settings or to doubic-check them. During the final
approach phasc and at the very start of a misscd approach, the pilot is usuaily too busy to refer to
thc approach plate at all.

Finally, an initial attempt to identify the core group of information is presented in the following
Table 1. These items come from at least onc of the following sources:

L The top 36 (category A) of Bocing’s (1991) list of "primary itcms" (with some
cditing and grouping since thosc items were so specific)

2. The top ten of any of Mykityshyn and Hansman’s (1992) three phascs of tlight
"most critical" items (again with some cditing and grouping; there were also a
number of overlaps for cach phasc)

3 The items determined to be important cnough to be present in Huntley's (1993)
"bricting strip" for improved paper 1AP charts

4, The top ten "most important” items sclected by 20 pereent or more of the pilots in
a study by Blanchard (1991)

on
y

The items regarded as "most important” by onc of the gencral aviation pilots
intcrvicwed for this report,




No specific method was used to determine where to cut off the list of items and the items arc not
listed in any particular order.

Table A-1. Information requirements for the IAP task

Information Item References (1-5
from above list)
Primary NAVAID Information (especially frequency) 1-5
Approach or Inbound Course 1-5
Minimum Descent Altitude (DH for precision approach) 1-5
Minimums (Altitude and Visibility for the given aircraft catcgory) 1-5
Communication Frequencics (ATIS, Approach, Tower, and Ground - 1-5
with Ground the lcast important)
Sccondary NAVAID Information (frequency most important) 1-5
Approach (Type of Approach to What Runway; IS
Aifport and City 2,5
Missed Approach Point 1,2,4,5
Missed Approach Instructions (Especially the first twé actions) 1,2,3,5
Final Approach Fix 1,2, 4
Initial Approach Fix 1,2, 4
Final Approach Course, Radials 1,2, 4
Stepdown altitudes (or glide slope intereept altitudce) 2,3,4,8
Airport diagram (cspecially runway specifics, runway light 2,34
configuration)
Minimum Sector Altitudes 2
Touchdown zone (or airport) clevation 1.3
Notes 3
Distances/DME or Time to Missed Approach Point 1, 4,8
e e
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6. COGNITIVE IMPLICATIONS OF THE APPROACH TASK

The instrument approach task is quite complex. There are a number of different cognitive skills
required of the pilot. Thcse skills include, but are not limited to, the following:

The pilot is subject to high temporal demand. Perception of workload,
problem solving, and decision inaking performance are all highly dependent
on time.

The pilot must have a great deal of background knowledge. This includes
knowledge of navigation systems and IFR rules (including a number of
specific conditional rules for the instrument approach).

The pilot must remember to perform differcnt sequences of actions at
different phases of the approach. The pilot may or may not have memory
aids for cach of these actions. If a pilot forgets to perform any one of a
number of actions during the approach, the workload later will incrcase,
greatly increasing the difficulty of the task.

The pilot must be able to quickly and accurately extract needed information
from various sourccs (ATIS, ATC, IAP chast, co-pilot, or aircraft displays)
and remember the information long enough to apply it (turn to the
appropriatc IAP chart, enter in a frequency, set a timer, ctc.),

' The pilot must be able to review and integrate the information on the
approach chart to help in planning the approach and sctting up expectations
for the approach.

The pilot is constantly subject to interruptions such as ATC communication
which may affcct memory of actions to complete and of information to
apply.

The pilot is constantly subject to ATC requiring changes to the planned
approach.

. The actions that a pilot must perform will be highly dependent on a number
of situational factors, therefore, the pilot must be able to "tailor" his or her
procedures to cach approach.

The pilot’s need for information is highest during the preapproach phase.
Workload is highest from the initial approach phase through landing,
During the final approach, the pilot must focus on flying the aircraft and
can not contribute cognitive resources to other tasks,

‘ The pilot must continually monitor the flight of the aircraft during the
approach.




The pilot must reinain aware the aircraft position/location throughout the
approach.

The pilot may be required to perform mental arithmetic to determine proper
headings, accounting for wind.

The pilot must use spatial abilities to rotate information on thc IAP chart to
match it to the aircraft’s current orientation.

The pilot uses a number of "rules of thumb" to aid in performance of
various tasks.

The instrument approach task is a stressful situation for the pilot. Stress
can cause decreascs in cognitive ability and can lead to cognitive capture or
tunncbing. Siress may cause the pilot to focus on one part of the task to the
cxclusion of other important parts of the task.
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7. DESIGN GOALS FOR INSTRUMENT APPROACH PROCEDURE CHARTS
Cognitive principles can be anplicu directly to cach of the skills presented above to provide
rccommendations to help the pilot in pert.orming his or her task. A cognitive handbook for the
design ot IAP charts should provide concrete guidelines to help designers follow these
rccommendations:

Make information quickly accessible.

Reduce the amount of background knowledge that is required for the task.

. Reduce requircments for memorization of rules, actions, symbols,
procedures.

Provide an organization or structurc for the task.

Display information in a manner that will help the pilot or crew to both
plan the approach and be prepared for tuture segments of the approach.

. Provide memory aids,

. Provide a methad to highlight information that is "Carrently being vsed”
(held in short-term memory while it is being applicd). This will help the
pilot relocate it quickly i necessary.

. It possible, account for situational factors automatically,

. Make information required during the mitial approach phase casy to locate
and read,

. Provide a muthod tor advance highlighting of information required during
final approach, or present it in a wanner that is casily kept in memory.

. Limit functions and keep them simple,
' Do not add any cxtra steps or workload to the task.
. Display information to help the pilot renain aware of his or her aircraft’s

curreit position.
. Take advantage of common (and cfficient) rules of thumb.

. Make information from difterent sources (ATIS, ATC, 1AP charts,
lustrument displays) consistent in terms of tevminology and symibols.
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8. THE CURRENT DESIGN OF IAP CHARTS

The current design of IAP charts is in the form of a §" X 8" paper chart produced by either the
National Ocean Scrvice (NOS) or Jeppesen. NOS charts are available in "booklets" bascd on
rcgions. Jeppesen charts come in separate pages to be placed in a notcbook--this provides
Jcppesen users with the ability to update their charts more frequently and at less cost than if they
had to replace whole regions of charts. NOS charts are less expensive than Jeppesen charts.
However Jeppesen charts are used by more than 90 percent of U.S. commercial airlines
(Mykityshyn and Hansman, 1992). Both chart makers divide their charts into the following
mcaningful areas:

8.1 Headings

Margin identifications or headings include information such as the name and location of the
airport and the procedure number of the chart. Jeppesen also provides communication
ircquencics for the airport and minimum safe altitudes in the "Heading" scction at the top of the
chart,

82 Plan-View

The plan-vicw provides a bird's cye view of the airport and surrounding arca, and the procedure.
Information in this scetion of the chart includes the initial approach segment, procedure trn, final
approach segment and instructions, en route tacilities, feeder facilities, terminal routes, holding
pattemns, waypoints-with-dava, radio aids to navigation, obstacles, spot elevations, and many ather
important picces of information reguired tor an instrument approach. Much of this information 18
displayed in symbolic form with a legend provided on a different page. Unfortunately, many of
the symbols are diffcrent tor the two types of chasts,

8.3  Profile View

The profile view is a side view of the approach, providing a graphical depiction of altitude
mformation.  The profile view depiets the misimum aliitude for procedure tum, minimum
distance for provedure tum, altitudes over preseribed fixes, and distance between fines. Also near
the profile view (within it 1o the top left or right for NOS charts) and immediately below it tor
Jepposen charts are the wissed approach instructions, Missed approach instructions are wrilten
Out in text (smaller type is used on the NOS chart than on the Jeppesen chart).

84  Aevodroute Sketch

NOS charts provide an Acrodrome sketeh directly on the 1AP chart. It includes information such
as airport clevation, usable runway leagth, approach lights, ranway gradieat, time amd speed table
from final approach fix 1o missed approach point, and more. Jeppesen places the aerodrome
sketch on the back of the first instrument approach procedure for a given airport. This allows
them to provide the information on a much larger scale and to provide even more information,
However, displaying information on a separate page creates the added tasks of tinding the page,
finding a place to display it, and fiipping back and forth between the acrodioie sketch and the
IAP. Clearly there are advantages and disadvantages to both methods.
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8.5 Minimums

The final major scction on current IAP charts is the minimums section. Both chart makers place
this information at the bottom of the chart. This scction contains important information about
minimums for the approach such as decision height or minimum descent altitude, and visibility.
Jeppesen charts provide minimums on the IAP chart for special "instrument out" conditions while
NOS charts providc adjustments to detcrmine these minimums on a scparatc page. The same
advantages and disadvantages that apply to the acrodrome sketch apply here. However, because
Jeppesen charts do place the acrodrome sketch elsewhere, they are able to display more minimum
information than NOS in the samc sizc type.

Standard Terminal Arrival Route (STAR) charts and Standard Instrument Departure (SID) charts
arc also available from both Jeppesen and NOS. Jeppesen files these charts with the airport’s
approach charts. NOS files SIDs with the airport’s approach charts; however, they provide
STARS at the front of cach NOS booklet. The purpose of STARs is to provide a standard
mcthod for departing from the en route structure and navigating to the pilot’s destination.  SIDs
have a similar function for providing a transition from the airport to the en route structure.

NOS and Jeppesen STARs and SIDs are currently designed with three major sections. The
margins are very similar to the margins for TAP charts, The plan view is also similar to that tor
JAP charts, The plan view may be oriented vertically or horizontally depending on the layout of
the route. The plan view containg navigation and communication frequencies at the top left or
right of the chart, The symbols on the plan view are similar to those for the IAP chasts. A
legend for these symbols is provided on another page. The plan view is hikely to portray
Jdeparture and arrivad routes, terannal routes, holding patterns, waypeints-with-data, vadio aids to
navigation, reporting points/fixes, special vse airspace, and nearby airports. The final section of
STARs and SIDs is the teat box. The text box contains a texival desc-iption of the arrival ad
departure and may include a description of one or mote transitions w the departure or arvival,
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9. COGNITIVE ISSUES IN THE DESIGN OF IAP CHARTS

The design goals delincated by the task analysis and the review of current IAP charts indicatc
problems and cognitive issues with the current design of IAP charts. Many of thesc issucs arc
due to the limits imposed by a five by nine inch paper chart. The following scction presents
these cognitive issues, potential solutions to problems, and also presents solutions that may be
available through the use of clectronic 1AP charts.

9.1  Perceptual Clutter

Clutter is the most often noted problem with the current design of IAP charts.  Unfortunately.
clutter is a difficult concept to define and is even more difficult to quantify. Perceptual clutter--
clutter created by the density of the information of the display and the discriminability of that
information--is a problem any time a large amount of information must be displayed in a small
amount of space. Perceptual clutter increases the time required for a pilot to locate and extract
nceded information.  There are two ways of reducing perceptual clutter on a display: (1)
decrease the density of information on the display or (2) increase the discriminability of
information on the display.

Decreasing the density of information on a display can be achieved either by reducing the amount
of information on the display or by increasing the display area.  Reducing the amount of
information on the display is accomplished by removing any item that is considered irrelevant for
the task, The dynamie nature of electronic displays of TAP charts provide an opportunity to
customize charts and eliminate extrancous information.  For example, a pilot may be able to
choose or preprogram which of the routes he or she will be following: the electronic chart could
then display only that soute and the NAVAIDs required for it. The pilot also wmay enter the
aireraft category (or even better, it could be determined automatically) and only the infermation
for that aircraft category wewld be displayed. :

lecreasing the display ared may or may not be possible with clectionic charts, Paper charts are
9" x 3" because this is a stundard size and casy o handle. Using more than one page for paper
charts is not desirable because of the increased stovage problems, printing conts, and handhing
problems.  The size of clectronie charts also will be limited due w wie availabilivy of cockpit
*real-estate.” I addition. the resolution of elecironic displays requires that symbols and text e
larger than on paper. thus incrcasing the density of inlormation on the display.  Electronic 1AP
charts may provide infornution on separate pages. but the wcthod of switching displays will have
to be carciully ¢valuated.

As for the second method of raducing pereepival clutter; an increase in the discriminability of the
display can be achicved in 4 wumber of different ways,  The proper use of white space and the
proper lovation of text and symbols can increase the discriminability of a display.  Providing text
and symools which are visually distinetive also can increase discriminability. Both of these
wethads will be discussed in the section on text and symbols.  Another method for increasing the
discriminability of a display is through thie judicious use ol coding and highlighting,

Schuliz, Nichols, and Curan (1985) rescarched desluttering of a graphic display by removing o
minimizitg information of lesser importance and found that removing text and making less
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important symbols smaller was as effective a decluttering technique (in terms of scarch time for
the important itcms) as was complete removal of the less important items. This has interesting
implications for the approach task since there may be rcasons to show symbols for NAVAIDs
which arc not planned to be used (so that pilots may sce the other options that arc available if
nccessary). but it may not be necessary to display all of the information associated with them
unless it is specifically requested.  Schultz ct al. (1985) concluded that ". . . the cffectivencss of
decluttering methods depends upon the degree to which cach method makes cssential graphic
information distinctive from nonessential information,"

9.2  Cognitive Clutter

Unfortunately, climinating pereeptual clutter does not necessarily eliminate all of the clutter
associated with the display. Clutter associated with determining the relevancy of the information
on the display to the task at hand can be can be referred to as cognitive clutter. A display that
provides information that is pereeptually discriminable may still be subject to cognitive clutter in
the display if the perecived object must be processed deeply to determine its meaning and
thercfore relevancy. Cognitive clutter refers to the complexity or confusability associated with
the meaning of objects represented on the display. For example, it an individual is shown a
symbol and asked to locate that symbol on the display, the time that it would take to locate the
symbol may be a indication of the display’s perceptual clutter. If, however, the individual is
asked to locate the primary NAVAID trequency on the display, the scarch time may be indicative
ot both the perceptual and cognitive clutter on the display. Implicit information required for the
task may interfere with the explicit information on the chart in a way that induccs cognitive
clutter.  The nature of the task bec »mes important in considerations of cognitive clutter.

Methods of reducing cognitive clutter include reducing pereeptual clutter (since this usually
reduces the total amount of intormation o be processed), providing information that can be
pereeived dircetly withoat a great deal of information processing, grouping information in a
meaningtul way, and organizing information in a manner which is meaningful to the task.  Bach
of these methods is discussed in more detail in the following sections.

9.3  Organization and Grouping of Information

The proper organization and grouping of information is essential to a display of instruinent
approach information. Organization and grouping can be used to reduce both perceptual and
copnitive clutter and also may aid the pilot in planning and executing the approach. Curreit
wmethods consistently defineating plan view, profile view, and minimums provide some
organization for the task. The plan view allows the pilot to form an overall picture tor the entire
approach and may help in the task of phuning the approach. The protile view hiclps the pilot 1o
visualize the vertical navigation through the approach.

The problem with the current organization is that it does not facilitate fast retrieval of specific
mtormation items. To locate & NAVAID frequency, a pilot must tirst identify the aireratt's
current position within the plan view, then locate the NAVAID, and thea locate the trequeney.
This requires the pilot o visually step through the plan he or she may have already ereated
carlier i the approach. Hundey (1993) recognized this deticieney with paper charts and
mcorporated a “bricting strip” which contains the information that must be aceessed most Quickly
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and most often. This allows the pilot to use the entire chart for planning, but to obtain specific
information the pilot need only refer to the top line to quickly read the information.

Consistency is an important principle in the organization of information on displays. If the
information a pilot wants is always in the same place, the pilot will know immediately where to
look for it. Mangold, Eldredge, and Lauber (1992) state that eye movement patterns are
influenced by pre-existing knowledge of how charts are organized. In the current implementation
of the plan view, the information is located spatially with the result that it is not located
consistently, Huntley’s (1993) design allows for location of important information both spatially
and consistently. Consistent location of information is especially important when the pilot can
only take a single glance at the display. The effects of pilot expectation are especially powerful
in this situation (Neisser, 1976).

Electronic charts have the potential to greatly facilitate vac instrument approach task by providing
separate displays for planning (with a spatial oricntation) and for cxecution. The display for
cxecution would contain only specific information identified during planning as necessary and
would display the information in a consistent location and with very little perceptual clutter.
Rescarch by Stokes and Wickens (1988) has shown that spatial maps are better for planning
while route lists arc best for navigation.

Another basic principle in the design of displays is that related information or information that
must be processed together should be grouped together. One way of grouping information is by
locating the information close together in space. Another method of grouping information is
through the use of coding. A mcthod of grouping that may become more prevalent with
clectronic dispiays is through layering on screens.  Mykityshyn and Hansman (1992) studied
pilots’ use of a prototype EIAP with a decluttering mechanism which allowed maintenance or
suppression of layers of information. The Jayering or grouping of information was broken into 6
categories--primary approach information, secondary NAVAIDS, terrain intormation, minimums,
missed approach information, and procedure tum information.

Neisser (1976) also has done research on grouping and clutter,  He found that, using a visual task
similar to a selective listening shadow task, people can casily attend one visual stimulus (a video
game) when another is superimposed over it (as casily as without the superimposed game).
Performance deteriorates whin they have to attend to both at the same time. "Only the atended
episade is involved in the cycle of anticipations, explorations, and information pickup: therctore,
only it is scen” (Neisser, 1976), This suggests that, with the appropriate cues (in this case the
motion of the games), individuals have the ability to do some of their own "decluttering.”
However, Neisser's participants were not subjected to the same environmental conditions as
instrument approach pilots.

94  Direct Perceplion and lutegration of lnfornation

One of the most basic copnitive principles in the design of displays is to display information so
that it can be directly perceived. The meaning of the information should be immediutely obvious
and should not require a number of mental trassformations of the formati 1. Unfortunately, the
nature of the TAP task is not very direet. According o Ritchie (1988), pilots must depart from
the conceptual framework of the primary task ad “think in clectronics.” The cognitive task
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analysis revcals that the pilot must integrate information from a number of different sources.
Much of the information, such as radio frequencics, has no inherent meaning in flying,
geography, or navigation (Ritchie, 1988).

If the IAP chart can do some of the integration of the information for the pilot so that
information can be directly perceived, the instrument approach task could be madc easier. There
arc many differcnt ways of achieving this intcgration. First, symbols should look like the objects
they represent. Huntley (1993) has demonstrated this principle in his improved paper IAP chart
by removing the runway light acronyms and replacing them with a symbol that shows the runway
light configuration the pilot expects to sec. The pilot no longer has to decipher the acronym and
then remember what that lighting system looks like in order to prepare for landing. The proper
usc of population stcrcotypes also facilitates dircct perception of information.

Elcctronic displays provide the opportunity to do ¢ven more information integration for the pilot.
For cxample, the clectronic chart could automatically detect the aircraft’s speed, calculate the
time to the misscd approach point, and display it as a countdown clock (that could be
automatically updated as the aircraft speed changes). Currently the pilot has to estimate his
average speed, interpolate from a table of speeds and times to get the correct time, and then
monitor his timer.

Possibly the most helpful information integration that an clectronic chart may be able to provide
is the display of the aircraft’s current location. OQ’Hare and Roscoe (1990) state that map
displays that show the position of the aircraft yield improvements in a pilot’s ability to maintain
geographic oricntation. plan complex routes, and control position.  Mykityshyn and Hansman
(1992) tested a system which displayed real-time aircraft location and ¢very piloi commented that
the real-time aircraft position depicted by an aircraft symbol provided a cue for crror reduction.

An clectronic TAP chart also could make perception of inforination mure direct by prescnting a
track-up or ego-cemtered reterence frame tor the pilot. This reduces the requirements for the pilot
to perform spatial rotation of information to his or her reference trame. Howaover, as there arc a
number of other contributing factors involved with a display of this type. it is discussed in more
detail below.

9.5  North-Up (Static) vs. Track-Up (Dynaimic)

An clectronic map display offers the option of orienting the map in the same direction as the
aircraft (track-up). Pilots are mixed in terms of preference for a static north-up map or a
dynamic track-up map, Mykityshyn and Hansman {1992) showed that, after having an
opportunity to use both types of maps in a simulated approach, pilots preterred a static map
which showed the location of the plane dynamicaily over a dynamic map which changed
oricntation based on die location of the plane.

Rescarchers are wlso mised on their opinion of which display method is better. Roscoe (1980)
states that track-up displays are gencrally bewer than rorth-up displays but are subject o more
control reversal ervors. Harwood (198 states that north-up displays are beteer for a greater
varicty of tasks but track-up displays are betier if one is lost, Arctz (1991) states that north-up is




better when the task requires a world reference frame (survey knowledge). and that track-up is
better when the task requires an ego-centered reference frame (route knowledge).

Bascd on the cognitive task analysis, the instrument approach task requires survey hknowledge
during the planning part of the task. and route knowledge during the cxecution of the task. This
would indicate that a north-up map showing real-time aircraft position would be best for planning
of the task (as was preferred by pilots). During actual execution of the task, either a route list
(an ordered list of specific information), or a track-up display would be rec ~mmended.

Other display options are also available. A '"visual momentum" technique has been proposcd by
Arctz (1992) which provides a wedge on a north-up map that indicates the arca which is within
the pilot’s ego-centered view. Roscoe (1980) suggests the ase of a "frequency separated” display.
This display shows the conventional moving horizon in conjunction with an indication of roll ratc
and acccleration with the aircraft symbel. Both researchers have had positive results with studics
of these integrated techniques.

9.6 Terrain Information

Terrain information is depicted in the plan view in the form of s levations and significant
obstacles. There is no requirement to depict all elevations or obstacles, so this information adds
clutter to the display without providing very meaningtul information since pilots are told they can
not rely on this information (Jeppesen Sanderson, 1988), Friend (1988) complaias that the
presence of spot elevations and obstacles may lead pilots into believing the obstacies shown dre
the only obstacles in the approach arca. Pilots often suggest that the display of terrain
intormation be changed. Unfortunately, opinions are mixed an how the change should take place.
Many pilots suggest that toreain intormation should be semoved altogethey with only Minimum
Sector Altitude needed for instrument approaches (Mykityshyn and Hansman, 1992). Othess
would like to see torrain information increased by providine contour lines to Jisplay terrain
(Friend, 1988). : :

According o Kuchar and Hansman {1992), JIAT chars orovide the primary termain information for
terminal arca operation. In contrast, Blanchars (1991) states that "The TAPC is not detaded
cnough/nor desipned tor use in obstruction avoidanee, . .. There may e a laek of wrrain
information available in the werminal area but there is still some question as 1o whether or not the
TAP chart is the appropriate place to display tevam, Kuchar and Hunsman (1992) tested terrain
situation awarengss by issuing to simplator pilois crroncous vectors into terrain, Pilots avoided
hazards only 3 of 52 times with curreat werraiiy depiction methods,  After pilots were given
tesponsibility for terain avoidance, they recopnized wrrain hazard 30 pereent of the tine with a
spat Wlevation display, and 7% percent o) the time with contour display.  One signiticant problem
that has been demonstrated by this research is that pilots do wot double-check ATC vectors, ne
matter how the wivain intormation is displayed. Becapse prlots are glready loaded wiath tasks
during an instrument approach. it is casier for theay 1o simply take the information given to them
by ATC. Unless tereain is displayed in s wanner that makes it stmple for them o deuble-check
ATC veetors, or they have some redsois (0 douhi the injuaiation from ATC, they probably will
ot check.
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Electronic displays have advantages and disadvantages for terrain display. The quality of
electronic displays is inferior to that of paper displays in terms of shading and other methods of
displaying terrain contours. However, it is less expensive to use color on electronic displays than
on naper so that color may make a viable option for the display of terrain information. In
addition, therc is the possibility of providing a "tcrrain layer" that is available at the push of a
button. Electronic displays may also be able to provide terrain information only in the area
immediately surrounding the aircraft’s position or only when the aircraft is within a certain
distance of terrain (possibly linked to some type of collision avoidance system).

9.7  Text and Symbols

Another commonly mentioned problem with current IAP charts is the size of the text and
symbols. They arc so small that it takes closc inspection to perceive and understand them.
Perception of information is a combination of bottom-up processing--detailed analysis of stimulus
information--and top-down processing--an analysis of the holistic propertics of the stimulus using
context and expectations. When stimuli are very small, bottom-up processing is required.
Unfortunately, when viewing conditions arc poor, people are required to use more top-down
processing (Eysenck, 1984). The usc of clectronic displays will require that both symbols and text
be made larger.

There is also a problem with the sheer number of symbols. Pilots must memorize the most
common symbols and then refer to a legend for other symbols, One method of overcoming this
problem is to provide symbols which direetly convey the meaning of the object they represent.
Untortunately, in the case of TAP information, this is not always casy. Standardization of
symbols across other displays also would help with this problem since well known symbols are
processed more quickly than unfamiliar symbols.  Electronic displa, . may make it even more
difficult to design representative symbols due to resolution problems.  However electronie
displays also may provide quicker access to legends or definitions ot the ebject presented.  For
example, clectronice displays have the capability of allowing the pilot to select the object, then
present information about that object for a short period of time.

The location of teat and symbols on the chart is also a concern. Other text or symbols close 1o a
word prolong the time that it takes to recopnize the word, especially if the information is located
near the beginning of the word (Noyes, 1980). In current presentation, trequencies and identiticrs
ngy together with no distinetive separation. making it more difticult to distinguish them.
Displaying wdentifiers in smaller teat may help i distinguishing the two separate words and may
help promote op-down processing of the information,

In some cases there may be uneertainty about whether to use teat or symbols,  Pictonial
representations are less disrupted by degraded viewing conditions, may take up less space than
tent. and in many cases can be pereeived at least as quickly as text (Ells and Dewar, 1978).
Osbrorne (19923 tound that ivoniv missed approach instructions were compichiended more quickly
and a8 accarately as instructions coded i rent and thag pilots indicated a strong prefereme for
using seons in single pitot IFR conditions.  However, one mst be caretul not 1o always choose a
sysbolic representation over et 11 the abject or meaning can not be represented divectly by a
symbol and is vepresented by an arbitrary symbol it will add to the pilot’s memory luad.  Any
introduction ot new symbols should be evaluated for its citect on the enure task,
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9.8 Coding, Highlighting, and Color

There are several methods of coding information that may help reduce clutter and facilitate quick
recognition of information. Shape coding through the use of symbols is already in usc on paper
IAP charts. Size coding mav be used to emphasize information of greater importance by
displaying it in a larger size. Electronic displays provide designers with the opportunity to use
other methods of coding such as highlighting (or bolding) and color.

Highlighting as a method of coding should be used sparingly since it may slow down a pilot’s
ability to retricve wi.ighlighted material. Novel, unexpected stimuli are best used for warnings
or cautions since they both draw attention to themselves and are well remembered (Eysenck,
1984). Color, on the other hand, may have the ability to provide a benefit in terms of speed of
retrieval without any drawback (Martin, 1992). The pilots in Mykityshyn and Hansman’s (1992)
study found that color had a decluttering cffect. It allowed them to "mentally climinate”
information of less interest.

The usetulness of color increases with increasing information density and complexity (Taylor,
1985) making it potentially beneficial tor use on electronic TAP charts. Color has been
successtully used on cartographic displays tor helicopter Nap of the Earth navigation (Rogers,
1993). The use of « slor should coincide with population stercotypes so it matches the existing
eapectations ot pilots.

9.9 Pilot Control

Many of these advantages of cloctronic displays require pilot control of displays ov information to
be displaved. It pilots are givon the option to choose what amd how much information is
displaved, there is a potential shat added workload related to memory of what is displayed, what
can be displayed, how o display it and the physical action required to display it may in fact add
to the ditficulty of the task (Stokes and Wickens, 198R). Mykityshyn and Hansman (1992) tested
a pilot sclection decluttering mechanisim and tfound that pilots who used the decluttering featare
liked it. The pitots indicated that it they did not have tme to use the feature, they woulda't.

Any clectronie TAP chart that allows pilot selection of information should make that selection as
casy as possible, keep the number of options to a minimum. and test the usability of the teature,




10. CONCEPTUAL GRAPH STRUCTURE METHOD AND RESULTS

As part of the cognitive task analysis of the instrument approach task. Gordon and Gill’s (1993)
cognitive task analysis was attempted. Gordon and Gill (1993) suggest a four-stcp process. In
the first step, an initial interview is used to initiate a Conceptual Graph Structure (CGS)
(Graesser and Gordon, 1991). This structure consists of source nodcs, arcs, and terminal nodes.
Nodes may be goals. goal/actions, cvents, states, styles, or concepts. Arcs are connections which
may be rcasons, means, "refers to," Mis-a." etc. Structures which include goal hicrarchy,
taxonomic, spatial, and causal structures can be created using various source nodes, arcs, and
terminal nodes. Gordon and Gill describe these structures and related terms in detail.  After the
mitial CGS is developed. question probes arc created based on the nodes within the CGS.
Gordon and Gill also provide the question probes that should be used based on cach type of
nodc. The third step is to usc the graph along with the probe questions to acquire further
knowicdge from cexperts. The final step involves adding the information acquired to the CGS.
The method appears to be a very structured and thorough method of cliciting knowledge from
cxperts.

All of the information from the literaturc review, pilot interviews, SME consultation, and
simulator experience was used as input into the creation of a Conceptual Graph Structure.  Figure
A-1 is the initial attempt to create a CGS. Unfortunately, presentation of this CGS to SMEs
revealed that the tas® had a number of contributing tactors that caused the graph structure to be
very complea and ditficult to organize in any manner that could be casily followed.

Bascd on this result, it was determined that separate graph structures of the different types of
approaches would be created. at a high level, focusing on yeferrals to the TAP charts, The first of
these CGSs (for an ILS approach) is presented in Figure A-2. Further work to develop CGSs for
other types of approaches may continue, However, the effort is very time consuming and
detailed. The exercise did facilitate knowledge acquisition tor the rescarchers but it seems that
further work in this direction may vickd diminishing returns,  Even it further work on this method
proves to be unsuceesstul, the sk deseription and cognitive implications presented in this report
will continue 1o be examined through pilot interviews and jump scat vides,
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Sample CGS. May be subject to methodological and technical innacuracics.
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